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GLOSSARY 


' FOREIGN AND SCIENTIFIC TERMS 


1 


BERRATION, in 4 a i flight deviation of a a 
” Star from the ſtated courſe. Latin. 
nn the act of ſucking or ſwallowing up. Latin. 


Abftratiion, in Philoſophy, that operation of the mind, which 

_ purſues a general idea, without attending to the particu- 
lars of which it is made up. Thus, Man, Tree, : are ab- 
frat ideas, and may be purſc aed, without deſcending to 
any one individual perſon. or plant, included in the 
general term. Accordin gly. all qualities, ſuch. _ 

= whiteneſs, cruelty, generof ty, are abſtraf ideas. Latin. 5 

Accord, in Muſic, the ſame with concord, the relation of two _ 

| ſounds which are always agreable to the ear, whether ; 


| emitted at once or in ſucceſſion. Latin. 


Acbromatie· Glaſſes, in Optics, are a recent improvement of the 
| Teleſcope, by which the! inconveniency ariſing from Re 
the confuſed tranſmiſſion of different coloured rays i is 
prevented. The word is of Greek extraction, and 


| ſignifies colourleſs. 1 
At. harm, Latin, having the form or conſiſtency of Air. 


Aereftation. The art of aſcending into the Atmoſphere by 


means of a Balloon filled with inflammable Air. 


Latin. I 


. 


Vor. II. : EE E TOR _ Aﬀfirmativn, 


8 GLOSSARY OF 


Affrmatrve-propoſition, in Logic, a propoſition which aſſerts 
or affirms ; as Man is mortal. Latin. 


Ar-Pump, a machine for making experiments on air, chiefly 


by exhauſting cloſe veſſels of that fluid, 


Algebra, an Arabic word; it is the Science of univerſal Arith- 


metic; the general proceſs of which is, by comparing 
| ſuppoſed and unknown numbers or quantities, with 


ſuch as are known, to reduce ſuppoſition i into cer- 
tainty. 


Alkali, an Egyptian word; in Chemiſtry, any ſubſtance 


| which, when blended with an acid, excites fermen- 
tation. 


Alitude, in Aſtronomy, the height of a Star above the Ho- 


rizon. Latin. 8 


Amalgamate, to incorporate mercury or . with | 


other metals; ſometimes uſed to denote, in general 
the mixture and conſolidation of ſeveral ſubſtances, | 
ſo as to make them appear one. Greek. 


Analageus, having reſemblance or agreement. Greek. 
Laa 7s, reſolution into firſt principles, whether in grammar, 


logic, mathematics, or chemiſtry. To give an in- 2 5 
5 ſtance, i in Grammar, which i is perhaps the moſt fami- 

liar to ayoung perſon” J mind, an analyſis 7s of this ſen- : 

tence ; In the beginning God created the Heavens and 


the Earth, is to indicate the various parts of ſpeech of ns 


which it is compoſed, and the grammatical rules ac- | 
cording. to which they are arranged. The child may 
innocently amuſe himſelf with the idea of a Chemical 
 analy/is, by a ſcientific proceſs applied to a bowl ofthe 
vulgar liquor called; punch. To analyze it, is to aſcer- 
| tain, by ſeparation, the proportion of ſugar, lemon- 


Juice, ſpirit, and Water, of which it is 5 compoled. — 
Greek. | 
1 
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Anathema, and its compounds; ſomething ſet apart to a ſacred 
LT generally underſtood in an ungracious ſenſe ; 
devoted to deſtruction, accurſed. Greek. 
Anatomy, the ſcience of the ſtructure of the body, and the 5 
art of diſſecting and reaſoning upon it. Greek. 
Angle, the meeting of two lines in a point, but 02 as not to 
form of both one ſtraight line. Latin. : 
Antecedent, | in Logic, the former of two propoſitions, in a 
ſpecies of reaſoning, which, without the intervention 
of any middle propoſition, leads ditectly to a fair con- 
5 cluſion; and this concluſion 1 is termed the Conſequent, a 
Thus 7 reflect; therefore * exiſt. 1 reflect is the 
. Antecedent, therefore J exiſt is the Conſequent. Latin. 
Antipodes, the Inhabitants of the Globe diametrically oppoſite ' 
” to us, and whoſe feet preſent N to our feet, = 


Greek. : 3 
Aperture, opening. Latin. 
3 a coming nearer to. In Aſtronomy, the gra- 
. dual approach of two ſtars toward each other: in Arith- 
metic, a nearer approach to a number or root ſought, 1 85 
without the poſlidility of arriving at it ones: Latin, 
Alueducr, what conveys, or conducts Water ; = Pipe, a canal. 
Latin. = . 
5 Hqueons, watery, conſiſting of water. Latin, = 
_ Arithmetic, the ſcience of numbers. Greek. „ 
7 Aſtronomy, the Science of the Heavenly Bodies. e 
Z Alrology, the pretended Science of predicting future Events | 
2 by means of the Stars. Greek, _ 
Aimſphere, the body © of air which ſurrounds the globe o on all 
ſides. Greek. _ | 
Axis, in Geography, an imaginary ſtraight line b 
chrou ah the centre of the Earth from pole to pole, 


„„ round 


PO 


Iv GLOSSARY OF 


— — 


round which the Globe revolves once every twenty 
four hours. Latin. 


„„ 
Barometer, an iaſtrumentof glaſs filled with quickſilver, which . 
; indicates the preflare of the air, and which! is in gene 
ral uſe, as an index of the weather. The word is 
Greek, and ſignifies weight-meaſurer. 
Biſca, to cut iato two equal parts. Latin. 5 
; Bitumincus, like to, or conſiſting of bitumen, a fat, clammy, 5 
_ ealily inflammable Juice, dug out of the earth, or 
ſcummed off lakes. Amber, pit-coal, and ſulphur 
are hard b:tumens. Latin. 5 
| Bomb, 2 hollow caſt-iron globe, to be thrown from a hs of 
great gun called 5 mortar, and intended to burſt by 
the force of gun powder, at the moment of falling, and 
to ſcatter deſtruction all around. It is in this Work in- 
| nocently employed to explain the path of all bodies 
forcibly thrown through the air, and the effect of gra- 
vity in bringing all heavy moving | bodies down to the 
: ground. Latin. l 5 
Bran, the ſcience of Plants ; or that part if natural and me- 


dicinal Hiſtory which has the vegetable 1 world | for it's - 
f 8 Greek. 


I 


5 Camera: Jobſcura, an apartment darkened, all but a ſmall Cir- 
cular opening, to which adouble-convex glaſs is fitted, 


and by which external objects are e repreſented in their 
natural 


_ Chemiſtry, or Chymiſtry, a word of 1 uncertain a derivation ; the + 


"5,0 
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natural colours, motions, and proportions, on a white 
table within the apartment. Latin. ö 
Cataract, a body of water from a great height. 
Steck. 
Cateptrics, that branch of the ſcience of viſion which relates tt to 
reflected light. All bodies which you do not ſee 
Sh; through, but which from their poliſh and brightneſs 
through back the light, belong to catoptrics, ſuch as 
mirrors of every kind. The word | is Greek, and ſig- 
nifies backward viſio on. 
: Cavity, a hollow. Latin. ns | 
Cauſa Sufficiens, 2 efficient or - ſatisfying —_ or + reaſon, a jargon. 
employed by certain Metaphyſicians of the laſt age, 
who attempted to check all rational, experi imental en- 
quiry, by calling continually for the cauſa ſulfeiens, 1 
the adequate cauſe of every fact that occurred, and of 
every obſervation chat was made; while they were: 
| bewildering themſelves, and attempting to bewilder oo 0 
| mankind, in a philoſophic maze, uſeleſs, reaſonleſs, and Tn 
| therefore unſatisfaQory. 5 
Centre a point within a circle or ſphere, equally diſtant from: ” 
every point of the ſurface or circumference. Latin. 
Chart, a delineation on paper of part of the land « or of the ſea, = 
or both. Latin e e 
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ſcience of ſeparating compound ſolid bodies, « or of com- 
- pounding Raupe bodies into one maſs, hs the force of 
ies: ©; 


- Chimera, a vain and wild imagination. Latin. 5 
- Cboral muſie, a ſacred: band compoſed of voices and inſtru- = 4 
ments. Latin. : „ 
= Chromatic; in Optics, relating to colour ; ; in 1 Muſic, to a cer- 


tain ſeries of ſounds, Greek. 1 
23 —— Cirele 


. GLOSSARY OF 
Circle, a round figure, having this eſſential property, that every 
point of it's ſurrounding line, called the circumference, 
ſhall be equally diſtant from it's middle point, called 

the centre. Latin. 
Circumambient, encompaſſing round and round : applied par- | 
ticularly to air and water. Latin. 
| Circumference the ſurrounding line of a circle, every point of | 
5 which muſt have an equal diſtance from it's middle 
point or centre. Latin. N 

Coheſion, clinging or ſticking together. Latin. 

Culliſion, the claſhing of one ſolid body againſt another. Latin, 
C omet, a ſtar with a fiery train, like flowing hair, averted from 


the ſun ; of uncertain appearance and re· appearance, 


but e forming part of our folar ſyſtem. Z 
Greek. . : 
: Complex, made up of various qualities: or ingredients. Abeau- 
tttful, wiſe and good woman, is a complex idea, con- 

. taining three diſtinct ideas, beauty, wiſdom, goodneſs ; 

you might render it ſtill more complex by the addition 155 

of high- born, rich, religious— 


1 8 : muſt not make 
N my idea too complex. : des od 
Compreſſ on, the act of reducing to a Culler ſpace by anke 8 
Concave, the hollowed ſurface of a globular b body. „ 
. Jon, mutual ſhock, by violent meeting of two ſolid 0 
72 bodies. Latin. 5 
Condenſation, the act of contracting air - into a ſmaller ſpace, 
=, and thereby increaſing it's elaſtic force, that is, it 5 
power of burſting out. Latin. 55 8 
; Congelation, the reduction of a fluid to a  folid fubſance, a as 
water to ice by cold. Latin. 
- Concentric-Circles, one within another, having a common 1 
Centre. Latin. 


N 7 
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Conical, having the form of a cone, which is a figure produced 


by turning round a right-angled triangle, about it's 
perpendicular fide ; a common * 


cConveys the idea of it. Greek. 
Conſequent. Take the trouble to look to the word Antecedent. 


| They are what is called correlattve, in other words the = 
one cannot be underſtood but by referring to the others 
 Cmſonance, i in Muſic, the agreement of two. founds emitted 


at the ſame time. Latin. 


= Conflituent, col tributing to make up or compoſe Thus the 
O0Ounſtituent parts of Gun- powder are falt bene, ſul- 


phur and charcoal. Latin. 


: G uninterrupted connection; che unviolated union n of | 


the parts of an animal body. Latin. 
Cvn texture, an interweaving. . 


JE Contour, the extreme bounding line of 2 any alot. Chil dre _ 
5 delineate the conteurs of each others faces by tracing 
with a pencil, the line deſeribed on the wall, when 
. the face is placed between a light and the wall, It is 55 


A French word. 


1 Convergent, gradually approaching to 5 other. ! at 
e extremityof an avenue of two rowsof trees, planted 
85 in ſtraight lines, equally diſtant throughout, you per- 
ceive them apparently approaching, and at 2 al- 


moſt meeting; they are apparently convergent. | 


5 Corver, the prominent « or fwellin Ss ſurſace of a Slobular body. 


Latin. | 
Cornea, The white . horny membrane of the eye. Latin. 

5 Cor poreal, belonging to body. Latin, 

Corpus-Calloſum, | in Metaphyſics and Anton, hs part of . 


human-brain where the Soul is ſuppoſed to reſide. 


Latin, but of ludicrous derivation. 


: Corpuſele, a ſmall or minute __ Latin. 


| Couchi ur, — 


r — _ In — 
n — — — 4 _ — — 8 — 
+4... <-> 2 2 mn 


* 
— 


ESI TSS ETSY Ye 


< - — 


. HRW 
"4 
I2 
: 
F 


vili c GLOSSARY of 


Couching, an operation in Surgery, by which a film obſtructing 
Gght is by a needle or lancet removed from the aque- 
ous humours of the eye; the word is of French ex- 

traction. The film removed is denominated catara@. 
Crucible, an earthen pot which can ſtand fire; employed in 
melting and refining metals. Lom Latin. 
: Cryflalline, the lucid, various-coloured humour of the eye, 
which forms a beautiful circle, incloſed by the cor- 
nea, and incloſing the pupil, or central ſpot of that 7 
| precious organ. Greek. 
| Cube, and its compounds; a figure ſquare and reQtangular i in 
ö als dimenſions and ſituations. A common die con- 
veys the id ea of it. A cubical room of twenty feet, * 
a room twenty feet long, twenty fect broad, and 
twenty feet high, and all in firaight lines, and at t right 
angles. Greek. 5 : 
curve, a bending line. | Latin. „„ „ 
Cylinder, a figure formed by turning a parallelogram . . 


one of its ſides as an axis. The barrel of a hand- or- 8 


gam is a cylinder. The word is derived from a Greek 
verb, which ſignifies to wheel round. Os 


5 Decompoſe, to ſeparate things Spende: thus, i in printing, : 
rg compoſe is to arrange the types in a frame, in the 
order of words and ſentences; and to decompoſe | is to Ms 
take the frame to pieces. Latin. 5 
Degree, in Geography, the three hundredth and Gxtieth 55 ; 
of the circumference of the Globe: it contains about 5 
1 69 Engliſh miles. French. 

Et Denſiy Ty, thickneſs. Jakks. 
: Dephloyific — — of fiery, inflammable e qualities Greek. I 
Detcration | 


— 
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Fan the Wander Ile noiſe produced by firing off heavy 
artillery. Latin. 


Diagram, a figure delineated for the purpoſe of mathematical 
demonſtration Greek. 
Diameter, a ſtraight line drawn through the center of a circle 
or globe, from circumference to circumference. Greek · 
| Diaphonous-body, that which willy tranſmits the Tight, as 
glaſs, Greek. 5 R 
Diaphragm, in optical inſtruments, a circular piece of paſte- 
board, or other non - tranſparent ſubſtance, applied to 
the object. glaſs, to 1 EIOOE- Pur of the rays of light, . 
. Greek. 
: Diatonic, an epithet giren to che common mate, as it pro- 
proceeds by tones, both enen and deſcending. i 
Greek. 0 
5 Dilate, to expand, to ſpread « over r greater ſpace. Latin, 
_  Dimen/i 5on, meaſure, Latin, TY 1 
8 1 that branch of the ſcience of vifew which relates to 
the tranſmiſſion of the rays of light through tranſparent 
| bodies. : Greek. © 
5 D 8 in Muſic, ſounds that d not harmonize, but are = 
harſn and diſagreeable 1 to the ear, Latin. 
D Aracrion, tendency 1 in different directions. Latin. : 


_ - Divergent, ſtraight lines, gradually removing farther and far- 


. WE from each other. See Convergent. Latin. 5 
Diving-Bell, a machine of wood, glaſs, or metal, in form E 
a bell, for the purpoſe of conducting down into the 
water, with ſafety, perſons employed in certain kinds 
of fiſhery, and in recovering goods loſt by ſhipwreck. 
— Divi bility, capability of being divided. Latin. 8 5 
Double concave, an optical glaſs: which has both ſurfaces hol- 
lowed. 
 Double-convex, : an optical glafs +) has both ſurfaces raft” 
a Bz, 
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Ducat, a ducal coin of gold, current on the continent, v value 
about nine ſhillings and fix-pence. 
Vuetile, pliant, eaſily drawn or ſpread out. Latin, 


K 


Efpelgence, luſtre, täte Latin. 

Elaftictty, a power in bodies of recovering their former ſitua- 

tion, as ſoon as the force is removed, which had 

. changed 6 Thus, the extremities of a bow are 
brought nearer by drawing the ſtring, but when the 
ftring i is relaxed, the bow, by it's elafticity, is reſtored to 

it's natural ſtate. It is a property of air, as well as of 

ſolid bodies. Green. 
E. an. the diſpoſition which certain | holes Tue: of ac- 

quiring, by rubbing, the quality of attracting other 

| bodies, and of emitting ſparks of fire. It is derived 
from a Latin word ſignifying amber, which i is one of : 

the ſubſtances endowed with the electrical virtue. 


Elieite, to ſtrike out by force. Thus by a ſharp ſtroke of the 5 


ſteel on flint, fire 1 iS elicited. Latin. : Es 
 Elogium, or Eulagium, an oration in praiſe of « one abſent or 


dead. Greek. 
| Elucidation, the act of explaining c or rendering clearer.” Tatts, 


 Emanation, an iſſuing or flowing from any. ſubſtance. as 3 5 


ſource Latin. 


 Emerſio don, in Aſtronomy, the re-appearance of * flar, after . 
having been obſcured by its approach to the Sun, or by 


the intervention of another ſtar intercepting the Sun's 
light. TDi 


Es N ion, the a0t of Sending out, or giving vent. | "Los. 
Done =  Encycloped a, 
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Encyclopedia, the whole circle of ſcience : an univerſal ſcien- 
tific Dictionary, deſtined to the inſtruction of che 

young and ignorant. Greek. 

Epicurean, belon ging to the doctrine or philoſophy of a : 
according to which man's duty and happineſs are made 
to conſiſt in ſenſual indulgence, it is — be- | 
come defcri iptive of refined luxury, h 5 

Eguator, an imaginary great circle, equally diſtant from both Ws 

| Poles, ſurrounding the Globe from Eaſt to Weſt, and 

dividing it into the Northern and Southern Hemiſ- 
phere. On it are marked the degrees of Longitude, 


from 1 to 360. Je: is by 18 of diſtinction called zhe | 
LINE. Latin. 


Bquidl ſtant, at equal diſtances, | Tin. - 
N a Latin word, ſignifying exactneſs of balance or 
5 ee e The Latin ablative with the prepoſi- 
tion is adopted into our language, i in equilibria, to ex- 
5 preſs perfectneſs of equality i in oppoſed weights. 
55 Eau. The equalization of day. and night, which takes | 
WOE, -place twice every year about the middle of the months | : 
of March and of September, when the Sun, f in his al- 
ternate progreſs from N orth to South, and from 
South to North, paſſes directly over the Equator, 
which is likewiſe, for this very reaſon, frequently de- 
: | nominated the Eguinoerial Line. Latin. 5 
Era, an important event or period of time, from which, as A . 
beginning, computation of time is made. Latin, 
£ Erudition, extenſive and profound learning, Latin. 


Ether, the moſt ſubtile and pure of all fluids. Greek. 


— — Ev raporation, the act of flyingoff by the force of heat! in kumes 


or As Latin, - 
| Enbulain, 
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Exhalation, a word of the ſame import with the former; 


evaporation may be conſidered as the cauſe, and exhala- 
tion as the effect. Latin, 
Expanſi bility, capability of being ſpread out, and of covering 
a larger ſurface. Latin. 


Experiment, a practical trial made to ans tain any natural fact. 
„ . | 


Extenſi jon, ſpace e over which m alter is diffuſed ; ſize, magni- | 
| tude, Latin. 3 
Ext Gneous, not belonging to. Latin. 


5 


| Fatbow, a meaſure of length containin 8 1. feet. Saxon. : 
Fibre, a ſmall thread; in Anatomy, fibres are long, ſlender, 
- whitiſh filaments, variouſly interwoven, which form a 
the ſolid parts of an animal body. Latin. 
= N , in Muſic, one of the harmonic | intervals or concords, 
7 and the third 1 in reſpect of harmony, or agreeableneſs 
to the ear: it is thus called becauſe it contains five 
terms, or ſounds, between it's extremes. See Vol. 1. 
Letter VII. . 
| Filenen, the fame with fibre. Latin, l | 
x Fluid, conſiſting of parts eafi]: y compreſſible and parable a as 
melted metals, water, air. Latin, 
Flur, in Geography, the riſing of the tide. Latin. | 
Fecus, in Optics, the little circle in which rays of light are 
collected, either after paſſing through a glaſs, or on 
being thrown back from it, and where they exert their | 
greateſt power of burning. Latin. 
Formule, a ſet or preſcribed ſtandard: a ſcheme for ſolving 
FTE mathematical and algebraieal queſtions, Latin. 


Forth, 


5 * f i: Ws | *as 
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Fortè, in Mulic, forcibly, in oppoſition to piano, ſoftly. Latin 

Fourth, in Muiic, one of the harmonic intervals, and the 
fourth in reſpeCt of agreeableneſs to the ear. It con- 
fiſts of two ſounds blended, in the proportion of 4to 3; 
that is, of ſounds produced by chords, whoſe lengths 
are in the proportion of 4 to 3. See Vol. 1. Letters 
VI. and VII. = 

Friion, the act of rubbing one folid body aint another. 


„ 
Fu ble, that may be eaſily melted. Latin, 8 


" | 


5 Gamut, the ſcale of muſical notes. | Tralian, - 


Genus, kind, general claſs containing ſeveral ſpecies, which Pn 


again contains many individuals. Thus, Dog i 18 the 
genus; z | Greyhound Is the Species, and light: Foot the in- 
1 dividual. The Latin plural genera is in uſe, „ 
Gergraphy, a: deſcription of the Globe. Greek. 
Geometry, the Science of quantity, 8 or extenſion ab- 
ſtractly conſidered. Greek. | 
Glaucous, azure- coloured. Greek. : 
Globule, ſmall globe; ; little part ticles of a benen form. : 

: Latin. = 
7 1 Gradation, regular 3 from e one 15 to another. Latin: Os 
Gravity, weight; in the ſyſtem of the Univerſe, that principle : 
. in all bodies which preſſes them down to, or attracts 
them toward, their centre. Tatin, . 
” Gr owe, a channel cut out in a hard body with a tool, fitted to 
— another er body which 1 IS trfignet to move in 19 
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GLOSSARY OF | 


H. 
n in Muſic, a anbieten of ſounds perſecily adapt- 


ed to each other, ſo as to produce a * effect o 
the ear. Greek. 


Hemiſphere, one half of a Globe. Greek. 


0 Heterogeneous, made up of diflimilar or diſcordant parts ; it is 


the oppoſite of homogeneous, which ſignifies, made up 
of things ſimilar. Greek. 


| Horizon, the line which terminates the view. In Geography, 


an imaginary circle encompaſſing the Globe, and di--. 

viding it into the upper and under Hemiſpheres. To 

a perſon placed at either of the Poles, the Equator 
would he the real Horizon. The ſenſible Horizon i is 


the circle viſibly ſurrounding us, where che ky and 
the carth meet. Greek. 


Humidity, moiſture, Latin. I 
Hydrography, a deſcription of that part of 0 our Globe which : 


conſiſts of water. 


Hypotheſ 4 4 propoſition or . d to be true, but - 


not yet confirmed by irreſiſtible argument © or fatisfy- 
ing experiment, Greek, 5 e 


RY 


2 TR a ind of Philoſopher who denies ths exiſtence o 


matter, and reduces every thing to idea or mental 
image. Greck. 


Illimitable, what admits of no 3 1 
Iluminatien, the act of diffuſing light, Latin. 


 Ttlulm 
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Tluſron, what deckives by a falſe appearance. Latin. 

Immaterial, in Philoſophy, not conſiſting of body or matter. 
Latin. 

Immer ſon, in Aſtronomy, the diſappearance of a ſtar by a near 
approach to the Sun, or the interception of it's light 
by another ſtar interpoſing between the Sun and it. 
Latin. : 

| dmpenetr ability, that property of al bodies, in virtue of which 

no two can occupy the ſame ſpace, at t the ſame t time. 5 

Latin. ; 


: Inpulſ ion, the agency of one body in motion upon another. 
Jan." 


Imputability, the quality of being charged upon, or r aſcribed i 
une, Lin. 
Incidence, the direction in which one body falls upon or {tr ikes 
another: and the angle formed by that line, and the 
plane ſtruck upon, iS called the an gle of incidence. Latin. 
Index, the fore-finger, any inſtrument that points o out or indi- 
, ene Latin. 
Individual, one ſeparate, diſtinct, i 8 I 
: Tnertia, that quality « of bodies in virtue of which they are dif- 


poſed to continue in a ſtate of reſt, when at reſt, or of . 


motion, when! in motion; and which can be overcome 
„„ Only by a power not in body itſelf, Latin, „ 
5 Irfuit, boundleſſneſs, applied equally to ſpace, number, and a 
RE, duration: i infinitum without limit, without end. Latin. 
55 Infection, the act of bending or turning. Latin. 


Inberent, naturally | betonging to, and inſeparable from. Latin. 5 


Intellectual, relating to the underſtanding, mental. Latin. = 
Antenfs 140, the ſtate of being ſtretched, heightened, affeted to : 
— high degree. Latin. SE 
Inter ception, the cutting off or obftruQtion of communication. 
Latin. 


Inte, ſet, 
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Inter ſecꝭ, mutually to cut or divide. Latin. 

Inter ſtice, the ſpace between one thing and another. 

Inverſe, having changed places, indirect, turned upſide down. 
Latin 1 1 

Iris, the circle round the pupil of the eye. Latin. 


3 


5 Kari maze, " ;nextricablle difficulty or Fete Latin: 
Latitude, in Geography, meaſurement of the Globe from the 
8 Equator, Northward and Southward to the Poles, _ 
degrees and minutes. The degree contains about 
69 Engliſh miles, and a minute is the ſixtieth part of 
a degree. The higheſt poſſible degree of Latitude i is 
at the Poles, each being go degrees from the Equator. : 
Latin © 085 
1 Lens, a round laſs, double-convex, for aſſiſting viſion, or de- 8 
riving fire from the collected rays of the Sun. Lenti- . 
, eee having the form of a lens. 85 
Level, riſing or falling to the ſame height. Saxon. 
5 Literati, the learned; the plural of the Latin word literatus 
„„ learned man. 5 
L. gie, the art of right reaſoning, fir the purpoſe of inveſtigat- 5 
ning, and communicating uſeful truth. Greek. 
Longitude, in Geography, meaſurement of the Globe i in de- - 
e and minutes, round and round, from Eaſt to 
Veſt, Latin. . 
5 Lunar-tide, the flowing and ebbing of the tide relatively o 
the Moon. Latin. 
Lymphatic, veſſels, fender, tranſparent tubes through === To 
a or a clear colourleſs uid is conveyed, | 


| Magnet, 
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M. 


Marnet, and it's compounds, a ſtone which attracts iron and 
ſteel; and gives a northerly direction to the nec<le of 
the Mariner's Compaſs. Art has been enabled, by 
means of bars of ſteel, ſucceſsfully to imitate the natu- 
ral magnet or loadſtone. Latin. 
F greatneſs, bulk, extenſion. Latin. 8 
Manichean, one of a ſect who maintained the exiſtence of a 
ſupreme evil ſpirit. 
: Major, in Logic, the firſt propoſition of a plein, contain- 
ing ſome general aſſertion or denial; as, all men are 
mortal; no man is perfect. Latin. : 
; Material) ft, one who denies t the exiſtence of ſpiritual RNs: 
„ Latin. 2 : . 
5 Mathematics, the Science which has for i its object every ting 
5 capable of being meaſured or numbered. Greek. 
; Mean, or Medium, in Phyſics, ſomewhat intervening between 
one ſubſtance and another: min Logic, an intermediate a 
| propoſition employed to lead to a fair and Juſt conclu- = 
fon. Latin. pros 55 
Mechanics, the Geometry at 4 motion 35 che Science of con- 
ſtructing moving machinery. Greek. 1 
= Membrane, a web of var ious fibres interwoven, for wrapping 85 
up certain parts of vegetable and animal bodies. Latin. 
Meniſeus: tens, in Optics, : a glaſs which i is convex on one fur- 5 
face, and concave on the other. 
Mephites, poiſonous, ill ſcented vapor. Latin. 3 5 
Mercury, the chemical name of the fluid commonly called b 
Junichi. Aver. Latin. 
Meridian, in Geography, a great circle encompaſſing the 
EF : Globe 
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xviſi GLOSSARY OF 
Globe in the direction of South and North, and di- 
viding it into the eaſtern and weſtern Hemiſpheres. 
The degrees of Latitude, from the Equator to both 
Poles, are marked on this circle. Every ſpot of the 


Globe comes to it's meridian once in every twenty four 


hours, that is, has it's inſtant of noon. Latin. 


2 les, otherwiſe called Ontology, the Science of the af- 
fections of being in general. It employs ab/tra# rea- 


ſoning. Turn to the word ABSTRACT. Greek. 


Meteor ology, the Science of meteors, that is, of bodies floating 


in the air, and quickly paſſing away. Greek. 


IM. croſcope, an optical inftrument, which, by means of a 


greatly- magnifying glaſs, renders diſtinctly viſible ob- 
jects too minute for the unaſliſted eye. Greek. 


| Minor, in Logic, the ſecond, or particular propoſition of a ſyl- 


logiſm: for example, i in this Syllogiſm, 
8 All men are mortal: 
"But: The King! is a man; 3 
Therefore, The King i is mortal. 


The firſt propoſition, All men are mortal | is the Major; 5 ; 
the ſecond, the King i is a man, 18 the Minor, and theſe 
two are called the premiſes: ; the third, the King i ts mor- 


ral, is the concluſion. Latin. 


5 Mobil. ty, e caſineſs of being moved. Latin. 1 55 
Meds, in Lag, particular form or ſtructure of argumen, 


Latin. 


Monad, a minute l of matter - which admits of no far 


ther 1 ubdivift iſion. Greek. 
Mons wird, a muſical inſtrument of one ring. Greek. 


Myops thort-fighted, Greek, 
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N. 


Nadir, the Point in the heavens directly under foot. Arabic. 

| Navigation, the art of failing. Latin. 

Negation, denial, the oppoſite of affirmation. Latin. 

Notion, thought; repreſentation of any thing formed by the 
. mind. Latin. . 


Oo. 


Oljeerive-lens, in Optics, that glaſs of a teleſcope which i is 
turned to the object or thing. looked at. Latin. 
| Oblique, not direct, not perpendicular, not parallel. Latin. : 
Odfervatory, an edifice reared for the Purpoſe « of aſtronomical 
obſervations. Latin. 3 „ 
Occult, ſecret, unknown, undifcorerable.- Latin. 
Octave, in Muſic, a regular ſucceſſion of notes from « one to 
_ eight; the fuſt and the eighth having the fame name 5 
Oo 25 emitting the ſame ſound, Latin. 
5 Ocular-lens, i in Optics, that glaſs of a teleſcope which is ap- 
Bs plied to the eye. Latin. 
Opague, what does not tranſmit the rays of light, not tranſpa- | 
N rent. Latin. 1 . 8 . 
7 Optics, the Science of the nature and hans of viſion, or fight, 


; Greek. 
: Ort, ſphere, heavenly elebalar body. La atin, 


- Orbit, the circular path i in i which. a Planet mov es round the 
Dan Latin. 5 = SUE 
fellatio, EEE moving backward and forward 1 ke the 

pendulum of a clock. Latin. — 


* 3 Parador, 
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Par adox, a tenet which exceeds « or contradicts received opi- 


nion, affirmation contrary to appearance. Greek. 


Parallel. lines, in Geometry, lines which through the whole 


of their length maintain the ſame diſtance: they are 
the oppoſite of convergent and divergent. Greek. 


Parallel; iſm, ſtate of being parallel. 
N Parallelogram, a geometrical figure of four ſides, having this 


property, that the oppoſite ſides are equal and Parallel, 5 
and the oppoſite angles equal. Greek. 


Pellucid, what tranſmits the rays of light: tranſparent. Latin. | 
| Pendulum, a heavy body ſuſpended, ſo as to ſwing backward 


and forward without obſtruction, for the purpoſe of _- 
meaſuring time : the great perfection of ſuch an in- 
ſtrument is, that every vibration or ſwing ſhall be per- 
| formed i in exactly the ſame quantity of time. Latin. 


Perception, the power of preceiving . knowledge, conſciouſneſs. 


Latin. 


'Permeable, what may be paſſed through. Latin. - 
Perpendicular, i in Geometry, one line ſtanding on another, o or 
on a horizontal Plane, without the {lighteſt inclination 


to one ſide more than another, and forming right an- 
"hs with the horizontal line or plane. Latin. O 


Phalans, a military force cloſely embodied. Latin. 


| Phaſis, Ty appearance preſented by the changes « of 2- heavenly a 
body, particularly thoſe of the Moon. The Greek 
and Latin plural phaſes is adopted in our language. © 


| Phenomenon, ſtriking appearance of N ature, The Greek pla- 


ral phenomena is in conumon uſe. = 
Pha knowledge natural or moral : Syſtem | in correſpon- 

| _ dence to which important tr uths are explained: 5 TEES 
demical 
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demical courſe of Science. Greek. . 
 Phyjics, the Science of Nature; natural Philoſophy. Greek. 
Piano, in Muſic, ſoftly, delicately, oppoſite to fortè. Italian. 


P:ifton, the moveable circular ſubſtance fitted to the cavity of 
a tube, ſuch as a pump or ſyringe, for the purpoſe of 


ſuction, expulſion, or condenſing of fluids. French. 


- Planet, a wandering ſtar; thoſe heavenly bodies, our globe 
being one, which perform a regularly e courſe 


round the Sun, are called planets. Greek. 
Plano-eoncave, i in Optics, a glaſs which has one ſurface Plane, 
and the other hollow. Latin. 


: Plano- convex, an optical glaſs which has one e ſurface plane, : 


alk and the other raiſed. Latin. 2 
Plenum, ſpace filled with ſubſtance. Latin. 8 


1 Plumb line, a weight appended to a fring, for the purpoſe of 


aſcertaining perpendicularity. 


Polar-Circles, circles parallel to the Equator: and he Ties 
at the diſtance of twenty three degrees and a half each ; 


from it's reſpective Pole. Latin. 
Pelarity, tendency toward the Pole. ' Latin. 
| Polygon, a figure having many ſides and angles. Greek, 
LR Polytheiſm, the doctrine of a plurality of Gods. Greek. 
Porous, full of ſmall minute paſſages. Greek, 


fo Preſbytes, far-ſighted.. Greek. 


Preſcience, foreknowledge. | Latin. 


PFredicate, in Logic, what i is affirmed of the abject, as, 1 man is 


rational. Latin. 


ZOE Prediledtion, preference given from pre-conceived affeRtion, 


Latin. 


P Pre-eftabl i/hed- harmony, the metaphyſical dodtrine of: an origi- 
nal adaptation of mind to matter, by a ereative act of 
the Supreme Will, in virtue of which Every buman | 


5 aCtion | is performed, 


Prifm, 


2 n : „ 
n 
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Frijſm, a triangular optical inſtrument of glaſs, contrived for 
the purpoſe of making experiments with the rays of 
light. Greek. 
Problem, a propoſition announcing ſomething to be firſt per- 
formed and then demonſtrated. Greek. 
Probeſcis, the ſnout or trunk of an elephant or other animal. 
1 Latin. 
Prominent, jutting « out, bi unt forward. Latin. - 
| Propeſit lion, a point advanced or affirmed with a view to proof. as 
Latin. - . ; . 73 [ 
Proximity, nearneſs. Latin. 
Pupil, in Optics, the apple of the eye. Lavin 
Pyrometer, 4 machine contr ived to aſcertain the degree of the 
expanſion of ſolid bodies, by the force of fire. Greek. 
4 Pyrrhonift, an univerſal doubter and unbeliever; derived from : 
2 dhe name of the Man. 5 


> Quadrant, the fourth part of a circle; an inftrument of that 
form, contrived to meaſure and aſcertain. Latitude. 


Latin. 975 
1 ieee conſiſting of "Ie 8 Latin. TE : 
Wy | Ruotient, in Arithmetic, the number reſulting from the divi- — 


ſion of two numbers which meaſure each other. Thus 
on e 36 by 4. we have a quotient of 9. - 


| Radiu 115, in n Englich ray, a Araight line 3 from the centre 
of a circle or ſphere to the circumference. The Latin 


plural rad! is in uſe. 


Rural, 
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Rarefaction, the rendering of a ſubſtance thinner, more tranſ- 

parent, it is the oppoſite of condenſation, Latin. © 

Ratio, proportion. Latin. 

Katiocination, a proceſs of reaſoning, a deduction of fair con- 

cluſions from admitted premiſes. Latin. 

Recipient, that which receives and contains. Latin, 

Reciprocally, mutually, interchangeably. Latin. 

Reflangular, containing one or more right angles. A right 

angle conſiſts of go degrees. Latin. 

ReGilinear, conſiſting of ſtraight lines. Latin. 

Reflection, in Catoptrics, the ſending back of the rays of light | 

EE illuminated body. "Latin. © 

5 Reflux, the ebbing, or flowing back, of the tide. Lata: 
Refrattion, | in Dioptrics, the deviation or broken off courſe of 

a4 a ray of light on paſſing obliquely from one medium 

through another, as from air 5 water or glaſs. - 

5 Latin. 5 

: Refrangibility diſpoſition to leave the direct . cxpbility 

of being broken or refracted. Latin. . 
: Refringent-medium, that which alters, or breaks off, the courſe. 8 
of rays. Latin. 

: Reminiſcence, the power of recollection, memory. Latin. . 

Kepulſion, the act or power of driving back. Latin. 
Rei mous, conſiſting of, or ſimilar to reſin, the fat, fulphureovs 77 

emanation from certain vegetables. Latin. N 5 


- 11 ſound repeated. Latin. 


. Reſpiration, the act of breathing. Latin. 
Reticulated, formed like a net. Latin. 
Retina, the delicate, net-like membrane at the bottom of the 


eye, on which are painted the images of the objects 
which we contemplate. Latin. 


Retrograde, moving in a backward direction. Latin. 


KNeverberation, the act of beating or driving back. Latin, 


Kevery, looſe, wild, ir egular meditation. 


xv 5 GI.OSSARY or 


8. 


Satellite, a an inferior, attendant planet revolving round a great- 
er. Latin. 1 


| Scalpel, a chirurgical inſtrument uſed for ſcraping a bone. Latin. 
Science, knowledge: in the plural, the ſeven liberal arts, name- 


© Grammar, Rhetoric, Logic, Arithmetic, Muſic, 
Geometry, Aſtronomy. 


Sn, in Geometry, part of a circle formed by a ſtraight line 


draw from one extremity of any arch to the other, and 
| the part of the circumference which conſtitutes that 
arch. The ſtraight line is denominated the chord of 
| the arch, from i it's reſemblance to a bow- ſtring. Latin. 


Semicircle the half of a circle ; the ſegment formed by a dia- 5 


meter as the chord, and one balf the circumference as 
"the arch. Latin. 


Semitone, in Muſic, half a tone, the leaſt of all intervals ad- - 


niitted into modern muſic, Tbe ſemitone major is the 
difference betwen the greater third and the fourth, it's 
relation is as 15 to 16: the ſemitone minor is the differ- 
ence of the greater third and the l Ver third, and 1 it $ re- 
lation is as 24 to 25. Latin. 


Senſation, perception by means of the ſenſes. | Latin. | 
Series, regular, ſettled, proportional order or progreſſion, as, in 


numbers, 9, 18, 27, 36, 45, 54, 03 are in a ſeries. 8 
The word is the ſame ſingular and plural. Latin. 


Seventh, in Muſic, the inverted diſcordant interval of the Se- 


cond, called by the Ancients Heptachordon, becauſe it 

1s formed of ſeven ſounds. There are four ſorts of the 
ſeventh, of which the following are the proportions in 
numbers; as 5 to 9: as 8 to 15: as 75 to 128: a8 81 
to 160: it is harſh and unharmonious. 

— Polev--vhdts; 
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Solar-tide. the flux and reflux of the tide relatively to the Sun. 


Latin; - 


Solution, demonſtration, clearing up of 1 intricacy or difficulty, 
Latin. 


Sonorous, emitting loud or ſhrill ſounds. Latin. 


Species, kind, ſort, claſs: ſee Genus. It is the ſame in ſingular 


and plural. Latin. 


Spectrum, an image; a viſible form. Latin. N 
Sphere, Globe. Greek. 


Spheroid, approaching to the form of a pr, but ſomewhat 


lengthened. Greek. 


: Shiritual, not conſiſting of, diſtin from matter or body. Latin. 
Sublime, elevated in place; in e raiſed 7 the force 


of fire. Latin. 

15 Subterfuge, mean, paltry eſcape « or . Latin. 8 
Subterraneous, under the ſurface of the ground. Latin. 
Subtile, thin, not denſe, not groſs. Latin. 


Fs Super ficial, external, extended along the ſurface. Latin. 
1 Supernatural, what | is above or enn the powers of Nature. 


Latin. 


: Surface, in Geometry, length and breadth without Kuna. 5 


F rench. 


Hurd. in Logic, an argament t confiſting of FR propoſi- 
tions: for example, Every virtue is commendable : Ho- 


naeſiy is a virtue; therefore honefty i Ty commendable. See 0 


Major and Minor. Greek. 


Sy/tem, : a ſcheme of combination 4 arrangement, which re- 
duces many things to a regular connection, dependance : 


and co-operation. Greek. 


Tangent, 


GLOSSARY OF 


T. 


bi G 1 Tangent, in Geometry, a ſtraight line touching a circle exter- 
II nally | in a ſingle point. Latin. 
Teleſcope, an optical inſtrument deſigned, by the magnifying 5 
power of glaſſes, to repreſent diſtant bodies as much 
hi = eee Trek; © | 
i Temperament, ſtate of body or mind as produced by, « or l 
=_ ing W the predominaney of a e quality. 
VV oo OB 
Tenſion, the ſtate of being firetched out, wound ups diſtended, 5 
5 Latin. N 
85 Tei. thinneſs, delicate fineneſs. Latin. 
. erm, deſcriptive name, or phraſe; component part, condi- 
3 tion. Latin. Er . : 
Terraqueeus, conſiſting of land and water. Latin. 
Theology, ſyſtematic Divinity. Greek. 1 65 
| Theorem, a propoſition announced for demonſtration Greek: . 
Thos a doQrine contemplated and conceived in the mind, 
but not yet confirmed by irreſiſtible argument, or ſa- 
 tisfying experiment. Greek. ” 
. Thermometer, an inſtrument contrived to meaſure the heat of Es 
the air or other body by means of the ring or m_—_ : 
—— of a ſpirituous fluid. Greek. Os 1 8 
= Third, in Muſic, the firſt of the two 3 . fo 
called becauſe it's interval is always compoſed of two 
degrees or of three diatonic ſounds. The tierce major 
or greater third, is repreſented i in numbers by the ratio 
of 4 to 5: andthe leſſer, by the relation of 5 to 6. See 
Vol. II. Let. VI. and VII. 5 
Tide, we alternate riſing and falling of the Water it W 
and 
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and along the ſhores of the Sea. Saxon and Dutch. 
Tone, in Muſic, the degree of elevation which the voice aſ- 
ſumes, and to which inſtruments are adapted, in order 
to the harmonious execution of a muſical compoſition: 
a pitch pipe. Latin and Greek. 
Tranſs 72, in Aſtronomy, the paſſing of one heavenly body over 
- the diſk of another. Latin. : 
| Tranſmiſſ ion, permiſſion to paſs through. Latin, 
_ Tranſparent, clear, what may be ſeen through, as air, water, 
+. plals.- Latin. 8 
Tranſverſe, i in a croſs direction. Latin. LT, 
Triangle, a geometrical figure conſiſting of three ſides and 
_ three angles. Latin. 
Tube, a pipe; a long hollow body. Latin, 
Tunicle, a ſmall coat or covering, Latin, 


. 


Ve acuum, empty ſpace. Latin. . 
V alve, a moveable membrane i in the vefſcls of 2 an \ animat body, 
and imitated by art in the conſtruction of variobs ma- 
chines, which opens for giving paſſage to fluids in one 
= direction, , but ſhuts to oppoſe their r retur rn through t the 
fame paſſage. | a. 0 
— ſpced, ſwiftneſs of motion. Latin, ook, = 
FT Vertical, perpendicularly over head. Vertical angles, in as 
metry, are thoſe formed by the interſection of ta | 
ſtraight lines, in whatever direction, making four! in 
all at the point of interſection, and of which the mu- 
tual two and two are equal. Latin. 
: Vibration, rapid, tremulous motion backward and forward. 1 : 
Viſual, relating to viſion- or ſight; belonging to the eye. Latin. 
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Vitreous, compoſed of, or reſembling glaſs. Latin. 
Vivid, lively, briſk, ſprightly. Latin. 
Ultimate, final, beyond which there is no farther progrets, 
Latin. TT ” 
Uniſon, emiſfion of the ſame or harmonious ſounds. Latin. 
Untenable, what cannot be maintained or ſupported. 


W. 


Waning, gradual diminution of apparent e and light. 
Saxon. 

Waxing, gradual ewe of apparent e and light; | 
particularly of the Moon. Saxon and Daniſh, 


Wind FO a gun which forcibly emits; a ball * means of com- - 
8 air or wind. 


= Zenith, the . in | the E directly perpendicular or ver- 
tical: W over head : the oppoſite of Nadir. Arabic. 
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A GERMAN PRINCESS 


on DIFFERENT $UBJECTS IN 


PHI SICS AND PHILOSOPHY. 


LETTER * 


Continuation Ul the Sujets, and f 22 in ; the To 


Any. 1 ve ruth, 
MADAM, 


ET is not eaſy to FP Th which of theſe three 5 
Su contributes moſt to the increaſe of knows 
ledge. Adam and Eve muſt have derived theirs 
_ chiefly from the two firſt; God, however, revealed 
many things to them, the knowledge of which is to 
be referred to the third ſource, as neither their 
own experience, nor their powers « of reaſoning, could | 


have conducted them ſo far. 
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J HE three claſſes of BEG kick It ls now 
1 unfolded, are the only ſources of all our 
knowledge; all being derived from our own expe- 5 
, Hence, from reaſoning, or from the report of 
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Without recurring to a period ſo remote, we are 
ſufficiently convinced, that if we were determined 
to believe nothing of what we hear from others, or 
read in their writings, we ſhould be in a ſtate of al- 

moſt total ignorance. It is very far, however, from 
: being our duty to believe every thing that is faid, 
or that we read. We ought conſtantly to employ 
our diſcerning faculties, not only with reſpect to 
truths of the third _ but likewiſe of the twa 
others. Ek 
We are fo liable to ſuffer ourſelves to be dazzled 
by the ſenſes, and to miſtake in our reaſonings, that 
the very ſources laid open by the Creator for the 
diſcovery of truth, very frequently plunge us into 
error. Notions of the third claſs, therefore, ought 
not, in reaſon, to fall under ſuſpicion, any more 
than ſuch as belong to the other two. We ought, 


5 therefore, to be equally on our guard againſt decep- 
tion, whatever be the claſs to which the notion be- 


longs; for we find as many inſtances of error in 
the firſt and ſecond claſſes, as in the third. The 


5 fame thing holds with regard to the certainty of the 
particular articles of knowledge which theſe three 


. ſources ſupply; and it cannot be affirmed that the 


truths of any one order have a ſurer foundation 
than thoſe of another. Each claſs is liable to 
errors, by which we may be miſled; but there 
are likewiſe precautions which, carefully obſerved, 
furniſh us with nearly the fame degree of convic- 


tion. 1 do not Know whether you are more the... 


rou ghly 
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youghly convinced of this truth, that two triangles 
Which have the ſame. baſe, and the ſame height, are 
equal to one another, than of this, that the Ruſſians 
Have been at Berlin; though the former is founded 
on a chain of accurate reaſoning, whereas the latter 
depends entirely oh the veracity of your infotmer. 
Reſpecting the truths, therefore, of each of theſe | 
rlaſſes, we muſt reſt ſatisfied with ſuch Proofs as 
correſpond to their nature; and it would be ridicu- 
lous to inſiſt upon a geometrical demonſtration of 
dhe truths of experience, or of hiſtory. This is 
uſually the fault of thoſe who make a bad uſe of. 


their penetration in intellectual truths, to require 


mathematical demonſtration, in proof of all the 


truths of religion, a great part of which belongs to 


the third cakk. - 
| There are perſons determined 1 to believe ad 13. 

mit nothing but what they ſee and touch; what- 
ever you would prove to them by reaſoning, be it 


ever ſo ſolid, they are diſpoſed to ſuſpect, vnlel f 
you place it before their eyes. Chymiſts, anato - 


miſts, and natural-philoſophers, who employ them- 


ſelves wholly in making experiments, are moſt 
5 chargeable with this fault. Every thing that the 


one cannot melt in his crucible, or the other diſſect 
with his ſcalpel, they reject as unfounded. To no 
purpoſe you would ſpeak to them of the qualities 
and nature of the ſoul; they admit nothing but 5 
5 what ſtrikes the ſenſes. 
Thus, the particular kind of ſtudy to which = 
B 2 2 (0 
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every one is addicted, has ſuch a powerful influence 
on his manner of thinking, that the natural-philoſo- 
pher and chymiſt will have nothing but experi- 
ments, and the geometrician and logician nothing 
but arguments; which conſtitute, e proofs 
entirely different, the one attached to the firſt claſs, 
the other to the ſecond, which ought always to be 
car efully diſtinguiſhed, according to the nature of -- 
e objects. EE 
But can it be poſſible chi perſons ſhould exiſt, 
who, wholly abſorbed in purſuits pertaining to the 
third claſs, call only for proofs derived from that 
| ſource? I have known ſome of this deſcription, : 
who, totally devoted to the ſtudy of hiſtory and an- 
tiquity, would admit nothing as true, but what you 
could prove by hiſtory, or the authority of ſome 
ancient author. They perfectly agree with you, 
: reſpecting the truth of the propoſitions of Euclid, 
but merely on the authority of that author, without 
paying any attention to the demonſtrations. by 
which he ſupports them; they even imagine that 
the contrary of theſe propoſitions might be true, if 


= the ancient geometricians had thought. proper to 5 _ 


maintain it. | : 
„ This a ſource of er ror which retards many in 
the purſuit of truth; but we find it rather among 
the learned, than among thoſe who are e 
to apply themſelves to the ſtudy of the ſciences. 
We ought to have no predilection in favour of any 
one of the three ſpecies of Proofs which each claſs - 
requires; 
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requires; and provided they are ſufficient, in their 
kind, we are bound to admit them. 

T have ſeen or felt, is the proof of the Art claſs. 
I can demonſtrate it, is that of the ſecond; we like- 
wiſe ſay, I know it is fo. Finally, T receive it on the 
teſtimony of perſons worthy of credit, or 7 believe 11 n 
ſelid grounds, is the Pour: of the third claſs. 


4th April, 176 1. 


LETTER 1. 


; Firſt 2 of known Truths.  Convition that 7 1 
exiſt externally correſponding to the Ideas reps ſented 
* the Senſes. Jn of the Pyrrhonifts.. Rephy. 


E include | in the firſt clas of La truths, 
VV thoſe which we acquire immediately by 
means of the ſenſes. I have already remarked, that 
they not only ſupply the ſoul with certain repreſen- 
tations relative to the changes produced 1 in a part of 
the brain ; but that they excite there a conviction 
of the real exiſtence of things external, correſpond- 
ing to the ideas which the ſenſes preſent to us. 
The ſoul is frequently compared to a man ſhut 
up in a dark room, in which the images of external 
objects are repreſented on the wall by- means of * 
glaſs. This compariſon is tolerably juſt, as far as 
it reſpects the man looking at the images on the 
8 3 5 wall; 


6 


wall; for this act is ſufficiently ſimilar to chat of the 
ſoul, contemplating the impreſſions made in the 
brain; but the compariſon appears to me extremely 
defective, as far as it reſpects the conviction, that 
the objects, which occaſion theſe images, W 
exiſt. _ 
The man in the dark room will immediately 
8 ſuſpect the exiſtence of theſe objects; and, if he has 
no doubt about the matter, it is becauſe he has been 
out of doors, and has ſeen them; beſides this, 
knowing the nature of his glaſs, he is aſſured, that 
nothing can be repreſented on the wall but the 
images of the objects which are without the cham- 
ber before the glaſs. But this is not the caſe wit 
the ſoul; it has never quitted its place of reſidence 
to contemplate the objects themfelves : and it knows 
_ till lefs the conſtruction of the ſenſitive organs, and -- 
the nerves which terminate in the brain. It is, ne» 
vertheleſs, much more powerfully convinced of the 
real exiſtence of the objects, than our man in the 
dark room poſſibly can be. I am apprehenfive of 
"0 objection on the fubject, the thing being too clear 
of itſelf to admit any, though we do not e tlie 
true foundation of it. No one ever entertained ax 
doubt about it, except certain viſionaries, who have 
| bewildered themſelves in their own reveries. 
Though they ſay, that they doubt the exiſtence of 
external objects, they entertain no ſuch doubt in 
fact; for why would they have affirmed it, unlefs 
they had believed the exiſtence of other men, to 
whom 
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Whom they wiſhed to communicate their extrava- 
gant opinions? 

This conviction, reſpecting the exiſtence of the 
things whoſe images the ſenſes repreſent, appears 
not only in men of every age and condition, but 
likewiſe in all animals. The dog which barks at 


- me has no doubt of my exiſtence, though his ſoul 


perceives but a flight i image of my perſon. Hence 
I conclude, that this conviction is eſſentially con- 
nected with our ſenſations, and that the truths 
which the ſenſes convey to us, are as well founded - 
as the moſt undoubted truths of geometry. oo 
Without this conviction no human ſociety could 
ſubſiſt, for we ſhould be continually falling into 


. the greateſt abſurdities, and the . contradic- 


tions. : 
Were the peaſantry to dream of doubting hae 
che exiſtence of their bailiff, or ſoldiers about that 


of their officers, into what confuſion ſhould we 


be plunged! ſuch abſurdities are entertained only 
by philoſophers; any other giving himfelf up © - 
them, would be conſidered as having loſt his re- 
ſon. Loet us, then, acknowledge this conviction as V 
one of the principal laws of nature, and that it is 


complete, though we are abſolutely ignorant of its 
true reaſons, and: very far from being able to explain . 


them in an intelligible manner. 
However i important this reflection may Tg it is : 
by no means, however, exempted from difficulties; 
but were they ever r ſo great, and _ it might be 
—— impoſſible : 


_ 
Py * — — 
VT. o > 
on ONES —— Wo IL EI. 


. 


impoſſible for us to ſolve them, they do not in the 
ſmalleſt degree affęct the truth which I have juſt 
eſtabliſhed, and which we ought to conſider as the 
| moſt ſolid foundation of human knowledge. 
=> It muſt be allowed, that our ſenſes Towing 
deceive us; and hence it is that thoſe ſubtile philo- 
ſophers, who value themſelves on doubting of every 
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thing, deduce the conſequence, that we oveht never 
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to depend on our ſenſes. I have perhaps oftener 
3 than once met an unknown perſon 1 in the ſtreet, 
whom I miſtook for an acquaintance: as I was de- 
ceived in that inſtance, nothing prevents my being 
always deceived; and I am, therefore, never aſ- 
| ſured, that the perſon t to whom 1 . is in reality 5 
the one I 1 imagine. 
Were I to go to Magdeburg, 1 to preſent 
— myſelf to your Highneſs, I ought always to be ap- 
prehenſive of groſsly miſtaking: nay, perhaps, 1 
ſhould not be at Magdeburg, for there are in- 
ſtances of a man's ſometimes taking one city for 
another. It is even poſſible I may never have had 
the happineſs of ſeeing you, but was always under 
the power of deluſion, when I thought myſelf to be 
enjoying t that felicity. 5 
Such are the natural conſequences. reſulting 
= from the ſentiments of certain philoſophers ; and 
| you muſt be abundantly ſenſible, that they not only 
lead to manifeſt abſurdity, but have a tendency to 
diffolve all the bands of ang | 
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L ETTER II. 


Another Objection wm the Pyrrbonifts - again 91 / ; p e; 5 
, Truths perceived by the Senſes. Reply; and Pre- 


cauti ons for or attainin g Aſſurance * feſt ole T; ruths. 


\HOUGH the objection raiſed ent the 
certainty of truths perceived by the ſenſes, 
of which I have been ſpeaking, may appear ſuffij- 
ciently powerful, attempts have been made to give 
it additional ſupport from the well-known maxim, 
that we ought never to truſt him who has once de- 
ceived us. A ſingle example, therefore, of miſtake 
in the ſcnſes, i 1s fullicient to deſtroy all their credit. 
If this objection i is well founded, it muſt be admit- 
ted, that human ſociety is, of courſe, _—_— 8 


: ſubverted. 


By way of reply, I Wen that the two er 
ſources of knowledge are ſubject to difficulties of a 
fimilar nature, nay perhaps ſtall more formidable. : 
How often are our reaſonings erroneous ? ? 1 ven- 

ture to affirm, that we are much more frequently 5 

deceived by theſe, than by our ſenſes. But does it 
follow, that our reaſonings are always fallacious, 

and that we can have no dependance on any truth 
diſcovered to us by the underſtanding? It muſt be 
a matter of doubt, then, whether two and two make 

ſour, or whether the three angles of a triangle be 


equal 
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equal to two right angles; it would even be ridicu- 


tous to pretend that this ſhould paſs for truth. 
Though, 880 refore, men may have frequently rea- 


ſoned inconcliifively, it would be moſt abſurd to 


inter, that has are not many intellectual truths, of 
_ Which we have the moſt complete conviction. 


The fame remark applies to the third ſource of 


human knowledge, which is unqueſtionably the 
moſt ſubject to eri or. How often have we been 
deceived by a g croundleſs rumour, or falſe report re- 
ſpecting certain” events? And who would be fo 
weak as to believe all that gazetteers and hiſtorians 
have written ? At the ſame time, whoever ſhould : 
think of maintaining that every thing related or 
written by others is falſe, would undoubtedly fall 
into greater abſurdities, than the perſon who be- 
eved every thing. Accordingly, notwithſtanding 
10 many groundle 21S reports and falſe teſtimonies, 
we are periectly aſſured of the truth of numberleſs . 
facts, of which we have no evidence but teſti- | 


© mony. 


There are certain characters Which enable y us to 5 


diſti nguiſh truth, and each of the three ſources has 
characters peculiar to itſelf. W hen my eyes have 
deceived me, in miſtaking one man for another, 1. 

5 preſently diſcovered my error; it is evident, there - 
fore, that precautions may be uſed for the preven- 

tion of error. If there were not, it would be im- 
poſſible ever to perceive that we had been deceived. 

Thoſe, chen, who maintain that we ſo often deceive 


ourſelves, 
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ourſelves, are obliged to admit, chat it is poſſible 
for us to perceive we have been deceived, or they 
muſt acknowledge that they themſelves : are de- 
ceived when they charge us with error. 

It is remarkable, that truth is ſo well eſtabliſhed, 
| that the moſt violent propenſity to doubt of every 
thing, muſt come to this, in ſpite of itſelf. There- 
fore, as logick preſcribes rules for Juſt reaſoning, 


the obſervance of which will ſecure us from error, 5 
where intellectual truth is concerned; there are 
. likewiſe certain rules, as well for the firſt ſource, | 


5 that of our ſenſes, as for the third, that of belief. 
The rules of the firſt are fo natural to us, that 


= men, the moſt ſtupid not excepted, underſtand 
and practiſe them much better than the greateſt 
ſcholars are able to deſcribe them. Though it 
may be eaſy ſometimes to confound a clown, yet 
when the hail deſtroys his crop, or the thunder 
breaks upon his cottage, the moſt ingenious philo- 
ſopher will never perſuade him that it was a mere illu- 
ſion; and every man of ſenſe muſt admit that the 
country-fellow i is in the right, and that he is not 
always the dupe of the fallaciouſneſs of his ſenſes. 
The philoſopher may be able, perhaps, to perplex 


him to ſuch a degree that he ſhall be unable to re- 


ply, but he will inwardly treat all the fine reaſon- 
ings, which attempted to confound him, with the 
utmoſt ſcorn. The argument, that the ſenſes ſome- 
times deceive us, will make but a very flight im- 
preſſion on his mind; and when he is old. with 
5 „%% 
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the greateſt eloquence, that every thing the ſenſes 
repreſent to us has'no more reality than the viſions 
of the night, it will only provoke laughter. 
But if the clown ſhould pretend to play the phi- 
loſopher, i in his turn, and maintain that the bailiff 
is a mere phantom, and that all who conſider him 
as ſomething real, and ſubmit to his authority, are 
ſools; this ſublime philoſophy would be in a mo- 
ment overturned, and the leader of the ſect ſoon 
made to feel, to his coſt, the force of the proos 
which the bailiff could give. him of the reality of 
his exiſtence. 5 
Fou muſt be perfectly ſatisfied, then, that there 
are certain characters which deſtroy every ſhadow 
of doubt reſpecting the reality and truth of what 
we know by the ſenſes; and theſe ſame characters 
are ſo well known, and ſo ſtrongly impreſſed on 
our minds, that we are never deceived when we 
employ the precautions neceſſary to that effect. 
But it is extremely difficult to make an exact enu- 
meration of theſe characters, and to explain their 
nature. We commonly ſay, that the ſenſitive or- 
gans ought to be in a good natural ſtate; that the 
air ought not to be obſcured. by a fog; finally, 
that we muſt employ a ſufficient degree of atten- 
tion, and endeavour, above all things, to examine 
the ſame object by two or more of our ſenſes at 
once. But I am firmly perſuaded, that every one 
knows, and puts in practice, rules much more folid 


than any which could be preſcribed EME 
1175 fas a CERES 1. ET TER 
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LETTER IV. 


| of Of dem ala, ph cal, and poriedary Us moral, 
Certainty. 


HERE are, therefore, three + hrs of 1555 
ledge, which we muſt conſider as equally 
. certain, provided we employ the Precautions ne- 

ceſſary to ſecure us againſt error. And hence, 


5 likewiſe, reſult three ſpecies of certainty. | 


| The firſt is called phyfical certainty. When I am 
convinced of the truth of any thing, becauſe 1 m- 


ſelf have ſeen it, I have a phyſical certainty of it; 
and, if I am aſked the reaſon, I anſwer, that my 
: own ſenſes give me full aſſurance of 1 it, and that I 
am, or have been, an eye- -witneſs of it. It is thus I 
know, that Auſtrians have been at Berlin, and that 
ſome of them committed great irregularities there. 
1 know, i in the ſame manner, that fire conſumes all 
combuſtible ſubſtances ; 3 forT myſelf have ſcen it, 
and I have a phyſical certainty of its truth, 
The certainty which we acquire by a proceſs of 
reaſoning, is called logical or demonſtrative certainty, 
becauſe we are convinced of its truth by demon- 
tration. The truths of geometry may here be 
produced as examples, and it is logical certainty 
which gives us the aſſurance of them. 
Finally, the certainty which we have of the truth 
of what we know only by the report of others, is 


called 
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called moral certainty, becauſe it is founded on the 
credibility of the perſons who make the report. 
Thus, you have only a moral certainty that the 
Ruſſians have been at Berlin, and the ſame thing 
applies to all hiſtorical facts. We know with a 
moral certainty, that there was formerly at Rome 

a Julius Czfar, an Auguſtus, a Nero, &c. and the 
teſtimonies reſpecting theſe are ſo authentic, that 
we are as fully convinced of them, as of the truths 
which we diſcover by our ſenſes, or * A chain of 5 


= fair reaſoning. 


We muſt take care, however, not to and ” 
theſe three ſpecies of certainty, phyſical, logical, and 
moral, each of which | is of a nature. totally different - 

from the others. I propoſe to treat of each ſepa- 

rately; and ſhall begin with a more particular expla- 
nation of moral certainty, which 1s the third ſpe- FT 
= - - "op 

It is to be attentively remarked, char chis thind 

ſource divides into two branches, according as others 

ſimply relate what they themſelves have ſeen, or 
made full proof of by their ſenſes, or as they com- 
municate to us, together with theſe, their reflections 
and reaſonings upon them. We might add ſtill a 
third branch, when they! relate what they have heard 5 
| from others. 

As to this third branch, it is generally allowed to 

be very liable to error, and that a witneſs is to be 

believed only reſpecting what he himſelf has ſeen 


br experienced. Accordingly, i in courts of juſti 7 


1 when 
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when witneſſes are examined, great care 1s taken to 


diſtinguiſh, in their declarations, what they them- 
ſelves have ſeen and experienced, from what they 


frequently add of their reflections and reaſonings 


upon it, Streſs | is laid only on what they them. 
| ſelyes have ſeen or experienced ; but their reflec- 
tions, and the concluſions which they draw, how- 
ever well founded they may otherwiſe be, are en- 
_ tirely ſet aſide. The ſame maxim iS obſeryed with 7 
reſpect to hiſtorians, and we wiſh them to relate 
only what they themſelves have witneſſed, without 
purſuing the reflections which they ſo frequently 
annex, though theſe may be a great ornament to 
hiſtory. Thus we have a greater dependance on 
dhe truth of what others have experienced by their FE, 
own ſenſes, than « on what they have diſcovered by i 
” purſuing their meditations. Every one wiſhes to 
bed maſter of his own judgment, and unleſs he him- 
ſelf feels the foundation and the e demonſtration, he i is | 


not perſuaded, | 


_ Euclid would in vain have announced to us the 
— moſt i important truths of geometry; we ſhould ne- 
ver have believed him on his word, but have inſiſt- 
ed on proſecuting the demonſtration ſtep by ſtep 
ourſelves. Tf I were to tell you, that IJ had ſeen 
ſuch or ſuch a thing, ſuppoling my report faithful, 
you would without heſitation give credit to it; nay 
I ſhould be very much mortified if you were to 
ſuſpect me of falſnood. But when I inform you, 


— that in right ang gled triangle, the ſquares deſcribed _ 
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on the two ſmaller ſides are together equal to the 
ſquare of the greater ſide, I do not wiſh to be be- 
lieved on my word, though J am as much con- 
vinced of it, as ĩt is poſſible to be of any thing; and 
though I could allege, to the ſame purpoſe, the au- 
thority of the greateſt geniuſes who have had the 
fame conviction, I ſhould rather wiſh you to diſ 
credit my aſſertion, and to withhold your aſſent, till 
you yourſelf comprehended the ſolidity of the rea- 
. on which the demonſtration is founded. 
It does not follow, however, that phyſical cer- 5 
tainty, or that which the ſenſes ſupply, is greater 
than logical certainty, founded on reaſoning; 3 but, 

; | whenever a truth of this ſpecies preſents itſelf, it is 
proper that the mind ſhould give cloſe application 5 
do it, and become maſter of the demonſtration. 
T his is the beſt method of cultivating the ſciences, oþ 

and of carrying them to the higheſt degree of 
perfection. 7 . 
The truths of he ſenſes, and of lie greatly | 
multiply the particulars of human knowledge; but 
the faculties of the mind are put in action only by =_ 
reflection or reaſoning. 5 
WWe never ſtop at the ſimple . of the 
. e or the facts related by others; but always 
follow them up and blend them with reflections of 
our own: we inſenſibly ſupply what ſcems deficient, 
by the addition of cauſes and motives, and the de- 
duction of conſequences. It is extremely difficult, 
| for this reaſon, in courts of juſtice, to procure ſim- _ 
6 e ple, 


A GERMAN PRINCESS. 17 
ple, unblended teſtimony, ſuch as contains what the 
witneſs actually ſaw and felt, and no more; for wit- 
neſſes ever will be mingling their own reflections, 
without perceiving that they are doing ſo. 


; 14th April, 1761, 


LETTER V. 


8 Remarks that the Sen res contribute t th Increaſe of 
Knowledge ; and Precautions for acquiring the Cer- 
9 FN H. iftorical T; ruths.. 5 


H E. knowledge ſupplied 15 our fenkes is un- 
4 doubtediy the earlieſt which we acquire, : 
md upon this the foul founds the thoughts and re- 
flections which diſcover <9 it a great variety of i in- 
tellectual truths. In order the better to compre- 5 
hend how the ſenſes contribute to the advancement e 
of knowledge, 1 begin with remarking, that the 
ſenſes act only on individual things, which actually 5 


5 exiſt under circumſtances determined | or limited on = 
e all Me. 


Let us fappale-a a man adde 3 in cos 
world, poſſeſſed of all his faculties, but entirely deſ- 


titute of experience; let a ſtone be put in his hand, 
let him then open that hand, and obſerve that the 
ſtone falls. This is an experiment limited on all 


ſides, which gives him no information, except that 
Vor. II. | Do 8 5 this 5 
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this ſtone being in the left hand, for example, and 
dropped, falls to the ground; he is by no means 
_ abſolutely certain that the ſame effect would enſue, 
were he to take another ſtone, or the ſame ſtone 
with his right hand. It is ſtill uncertain whether 
this ſhone, under the ſame circumſtances, would 
again fall, or whether it would have fallen, had it 
been taken up an hour ſooner. This experiment 
alone gives him no light reſpecting theſe Parti- 5 


55 culars. = 


= The man in queſtion takes another ſtone, and 
obſerves that it falls likewiſe, whether dropped from 
the right hand or from the left; he repeats the ex- 


periment with a third and a fourth ſtone, and uni- 


formly obſerves the ſame effect. He hence con- 
| cludes that ſtones have the property of falling when 
dropped, or when that which . them is 
withdrawn, | : „ 
Here then is an article of knowledge which the 
man has derived from the experiments which he 
has made. He is very far from having made trial 


of every ſtone, or, ſuppoſing him to have done ſo, 
6 what certainty has he that the ſame thing would 


: happen af all times? * He knows nothing as to this, 5 
except what concerns the particular moments when 
he made the experiments; and what aſſurance has 
he that the ſame effect would take place in the 
| hands of another man? Might he not think, that 
this + ny © of paking ſtones fall was artached to 
his 


his hands excluſively ? A thouſand other doubts 
might ſtill be formed on the ſubject. 


1 have never, for example, made trial of the 
ſtones which compoſe the cathedral church of Mag- 
deburg; and yet I have not the leaſt doubt, that all 

of them without exception are heavy, and that each 

of them would fall as ſoon as detached from the 
| building. I even imagine that experience has ſup= _ 
plied me with this knowledge, though 1 have never & 


tried any one of thoſe ſtones, 


This example is ſufficient to ſnew, how experi- 
ments made on individual objects only, have led 
mankind to the knowledge of univerſal propoſi- = 
tions; but it muſt be admitted, that the under- 
ſtanding and the other faculties of the ſoul interfere 
in a manner which it would be extremely difficult 
| clearly to unfold ; and if we were determined w--- 
be over ſcrupulous. about every circumſtance, no 
progreſs i in ſcience could be made, for we ſhould 


5 be ſtopped ſhort at every ſtep. 


It muſt be allowed, that the vulgar diſcover, in 
| this reſpect, much more good ſenſe than thoſe ſcru= 
| pulous philoſophers, who are obſtinately determined 
to doubt of every thing. It is neceſſary, at the 
ſame time, to be on our guard againſt falling into 
the oppoſite extreme, by ee to employ. the 


neceſſary precautions. 


The three ſources from which our knowledge. & 


derived, require. all of them certain precautions, 


EZ LS Which 
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which muſt be carefully obſerved, in order to ac- 


quire aſſurance of the truth; but it is poſſible, in 
each, to carry raatters too far, and it is always pro- 


per to ſteer a 22 courſe. 


The third ſource clearly proves this. It would 
undoubtedly be extreme folly to believe every thing 
that is told us; but exceſſive diſtruſt would be no 
leſs blame-worthy. He who | IS determined to doubt 

of every thing, will never want a pretence : when a 

man ſays, or writes, that he has ſeen ſuch or ſuch 
an action, we may fay at once, that i is not true, and 
that the man takes amuſement i in relating things | 

| which may excite ſurprize and if his veracity is 

beyond ſuſpicion, it might be ſaid, that he did not 
ſee clearly, that his eyes were dazzled; and exam- _ 
ples are to be found in abundance of perſons de- 

| ceiving themſelves, falſely i imagining they ſaw what — 

they did not. The rules preſcribed, in this reſpect, . 

Joſe all their weight when you have to do with a 


wrangler. 


5 Ufually, i in order to be aſcertained of the truth 
of a recital or hiſtory, 1 it is required, that the author 
„ thould have been himſelf a witneſs of what he re- 
| Ttes, and that he ſhould have no intereſt in re- 

- lating it differently from the truth. If afterwards 
two or more perſons relate the ſame thing, with the 
ſame circumſtances, 1 it 1s juſtly conſidered as a ſtrong 
confirmation. Sometimes, however, a coincidence | 
carried to extreme minuteneſs becomes ſuſpicious. =_ 

7 For two perſons obſerving the ſame incident, ſeeir MF 
1n 
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in different points of view, and the one will always 
diſcern certain little circumſtances which the other 
muſt have overlooked. A flight difference in two 
ſeveral accounts of the ſame event, rather eſtabliſhes 5 
than invalidates the truth of it. 5 
But it is always extremely difficult to reaſon on 
| the firſt principles of our knowledge, and to attempt 
an explanation of the mechaniſm and of the mov- 
ing powers which the ſoul employs. It would be 
glorious to ſucceed in ſuch an attempt, as it would 
_ elucidate a great variety of important points, Ts: © 
ſpecting the nature of the ſoul and its operations. 5 
But we ſeem deſtined rather to make uſe of our 
faculties, than to trace their nature through : all us - 
- depths. | . „ 
18% i, 6. Zo i 
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7 E T T E R VI. 
Whether the Effence of Badies be known 95 15. 


A FTER 10 many reflections on the nature and ; 
1 faculties of the ſoul, you will not, perhaps, be 
. diſpleaſed to return to the conſideration of body, the 

principal properties of which I have already endea- 
voured to explain. : 
I have remarked that the nature of body neceſ- = 
1385 ſarily contains three things, extenſ jon, impenetrability, : 
and mertia ; ſo that a being, in which theſe three 
+ 3 Properties 
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properties do not meet at once, cannot be adrnitted 
into the claſs of bodies; and reciprocally, when 
they are united in any one being, no one will he- 
ſitate to acknowledge it for a body. 
In theſe three things, then, we are warranted to 
conſtitute the eſſence of body, though there are 
many philoſophers who pretend that the eſſence of 
bodies is wholly unknown to us. This is not only 
the opinion of the Pyrrhoniſts, who doubt of e every 
thing; but there are other ſets likewiſe, who 
maintain, that the eſſence of all things is abſolutely 
unknown: and no doubt, f in certain reſpects they 
have truth on their ſide: this is but too certain as 
to all the individual beings which exiſt. 
You will eaſily comprehend, that it would be 
the height of abſurdity were I to pretend ſo much 
as to know the eſſence of the pen which I em- 


| ploy 1 in writing this letter. If 1 knew the eſſence 


of this pen, (1 ſpeak not of 1 pens in general, but 
of that one only now between my fingers, which 
= i an individual being, as it is called 1 in metaphy- 

ſics, and which is diſtinguiſhed from all the other 

pens in the world; ) if I knew, then, the eſſence 
of this individual pen, * ſhould be in a con--- 
5 dia ion c diſtinguiſh it from every other, and it 
would be impoſſible to change it without my per- 


cciving the change; FT muſt Sa its nature tho- 


- FOUL Sbly, the number and the arrangement of all 
the par's whereof it is compoſed. Bur how far am 
I from having ſuch a knowledge! Were I to riſe 

c but 
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but for a moment, one of my children might eaſily 
change it, leaving another in its room, without my 
perceiving the difference; and were I even to put a 
mark upon it, how eaſily might that mark be coun- 
terfeired on another pen? And ſuppoſing this im- 
poſſible for my children, it muſt always be admitted 
as poſlible for God to make another pen ſo ſimilar 
to this, that I ſhould be unable to diſcern any dif- 
ference. It would be, however, another pen, really 
diſtinguiſhable from mine, and God would un- 
doubtedly know the difference of them; in other 
words, God perfectly knows the eſſence of both the 
one and the other of theſe two pens: but as to me, 
yho diſcern no difference, it is certain that the eſ- 8 
ſence | is altogether beyond my knowledge. . 
The ſame obſervation is applicable to all other 
individual things; and it may be confidently main- 
rained, that God alone can know the eſſence or na- 
ture of each. It were impoſſible to fix on any one 


thing really exiſting, of which we could have a 


. ee ee ſo perſedt, as to put us beyond the reach 
of miſtake: this is, if I may uſe the expreſſion, * 
impreſs of the Creator on all created things, the 


nature of which will ever remain a e 0 


1 us. 


1 the eſfence of individual things, or all the - 
characters whereby each i is diſtinguiſhed from every 


It i is undoubtedly certain, V then, that we do not 5 


other; but the caſe is different with reſpect 8 


genera and | ſpecies ; : theſe are general notions which 
C 


ba 
include at once an infinite number of individual 
things. They are not beings actually exiſting, but 
notions which we ourfeives form in our minds, 
when we arrange a great many | individual things in 
the ſame claſs, which we denominate a ſpecies or 
genus, according as the number of individual things 
which it comprehends is greater or leſs. 
And to return to the example of the pen, as 
there are an infinite number of things to each of 
which I give the ſame name, though they all differ 
one from another ; the notion of pen is a general idea 
of which we ourſelves are the creators, and which 
_ exiſts only | in our own minds. This notion con- 
| tains but the common characters which conſtitute 
| the effence of the general notion of a pen; and 
| this eſſence muſt be well known to us, as we are =. 
a condition to diſtinguiſh all the things which we cal! 
pens from thoſe which we do not N under 
chat appellation. 
As ſoon as we remark i in any thing certain cha- 
_ raters, or certain qualities, we fay it is a pen; and 
| we are in a condition to diſtinguiſh 1 it from all other 
ttsings which are not pens, though we are very far 
from being able to diſtinguiſh 1 it from other Pens. - 
Ihe more general a notion is, the fewer it con- 
tains of the characters which conſtitute its eſſence, 
and it is accordingly eaſier alſo to diſcover this 
eſſence. We comprehend more eaſily what is 
meant by a tree, in general, than by the term 
cherry- tree, pear- tree, or apple- tree; that is, when 
,, 
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we deſcend to the ſpecies. When I fay, fuch an 
object which I ſee in the garden is a tree, I run 
little riſk of being oiftaken); but it is extremely 
poſſible I might be wrong, if ] affirmed it was a 
cherry-tree, It follows, thin, that I know much 
better the eſſence of tree, in general, than of the 
ſpecies: I ſhould not fo eaſily confound a tree with 


_ ſtone, as a cherry-tree with a plum- tree... 


Now a notion, in general, extends infinitely far- = 

8 N its eſſence accordingly comprehends only he = 
: characters which are common to all beings bearing 1 

the name of bodies. It ; is reduced, therefore, wk. 
very few particulars, as we muſt exclude from it all N 
the characters which diſtinguiſh one N from an- 


eh is ridiculous then to pretend, with certain phi- 
loſophers, that the eſſence of bodies, in general, is 
unknown to us. If! it were fo, we ſhould never be 
in a condition to affirm with aſſurance, that ſuch a 
thing is a body, or it is not: and as it 18 impoſſible 8 
we ſhould be miſtaken in this reſpect, it neceſſarily 
follows, that we know ſufficiently the nature or el- Ss 
ſence of body in general. Now this knowledge is 
reduced to three articles, extenſion, impenerrabiliry 4 


1 5 
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LETTER VIL. 


2 be true Notion of Extenfon. 


HAVE 3 demonſtrated, that the general 
1 notion of body neceſſarily comprehends theſe 
three qualities, extenſion, impenetrability, and iner- 
=: tia, without which no being can be ranked in the 
|  elaſs of bodies. Even the moſt ſcrupulous muſt 
allow the neceſſity of theſe three qualities, in order 
ro conſtitute a body; but the doubt with ſome is, 
Are theſe three characters ſufficient ? Perhaps, by 
e they, there may be ſeveral other characters, which DT 
are equally neceſſary to the eſſence of body. 
But I aſk: were God to create a being diveſted of 
” theſe other unknown characters, and that It poſſeſſed — 
only the three above mentioned, Would they heſi- 
date to give the name of body to ſuch a being? No, 
aſſuredly; ; for if they had the leaſt doubt On he 
ſubject, they could not ſay with certainty, that „ 
ſtones in the ſtreet are bodies, becauſe they are not 
ſire whether the pretewied? unknown characters are 
1 80 be found in them or no. 1 
| Some imagine, that gravity is an eſſential pro- 5 
perty of all bodies, as all thoſe which we know are 
heavy; but were God to diveſt them of gravity, 
would they therefore ceaſe to be bodies? Let them 
5 conſider che heavenly bodies, which do not fall 
on, downward | 
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downward; as muſt be the caſe, if they were heavy 
as the bodies which we touch, yet they give them 
the ſame name. And even on the ſuppoſition that 
all bodies were heavy, it would not follow that gra- 


vity is 2 property eſſential to them, for a body 


would {till remain a body, though i Its gravity were 
to be deſtroyed by a miracle. 1 
But this reaſoning. does not apply to the three 
eſſential properties above mentioned. Were God 


10 annihilate the extenſion of a body, i it would cer 


tainly be no longer a body; and a body diveſted of 

5 impenetrability would no longer be body; it would 
be a ſpectre, a Phantom: the ſame holds as to in- 
ertia. N „ 
You know that extenſion i is the proper object of 


geometry, which conſiders bodies only 1 in ſo far Wm 
they are extended, abſtractedly from impenetra- 


bility and inertia; the object of geometry, there- 


5 fore, is a notion much more general than that of 
body, as it comprehends | not only bodies, but all 


beings ſimply extended without impenetrabiliy, | 


5 if any ſuch there be. Hence | 1t follows, that all the 


properties deduced in geometry from the notion wh 


extenſion muſt likewiſe take place in bodies, in as 5 


much as they are extended; for whatever is appli- 

cable to a more general notion, to that of a tree, 
for example, muſt likewiſe be applicable to the no- 
tion of an oak, an aſh, an elm, &c. and this prin- 

: ciple is even the foundation of all the reaſonings in 

yirtue of which we e always affirm and deny of he 

: Tpecies, — 


8 ing. 


28 LETTERS TO 


ſpecies, and of :ndividuals, every thing that we af- 
firm and deny of the genus. 
There are however philoſophers, particularly 
among our contemporaries, who boldly deny, that 
the properties applicable to extenſion, in general, 
that is, according as we conſider them i in geometry, 
take place in bodies really exiſting. They allege 
that geometrical extenſion is an "abliract being, 
from the properties of which it is impoſſible to 
draw any concluſion, with reſpect to real objects: 
thus, when I have demonſtrated that the three an- 
 gles of a triangle are together equal to two right 
: angles, this is a property belonging only to an ab- 
ſtract triangle, and not at all to one really exiſt- ” 


But theſe philoſophers : are not aware of the per- 


. plexing conſequences which naturally reſult from 


the difference which they eſtabliſh between objects - 


formed by abſtraction, and real objects; and if it 85 
Vere not permitted to conclude from the firſt to 


the laſt, no concluſion, and no reaſoning whatever - 


could ſubſiſt, as we always conclude from general 
notions to particular, p 


Now all general notions. are as much abſtract ” 


beings as geometrical extenſion ; and a tree, in ge- 
neral, or the general notion of trees, is formed only 
by abſtraction, and no more exiſts out of our mind 


than geometrical extenſion does. The notion of 


man in general is of the ſame kind, and man in ge- 
neral no where exiſts: all men who exiſt are indi- 


idual 
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vidual beings, and correſpond to individual notions. 
'The general idea which comprehends all, is formed 
only by abſtraction. 

The fault which theſe philoſophers are ever find- 


ing with geometricians, for employing themſelves 
about abſtractions merely, is therefore groundleſs, 
as all other ſciences principally turn on general no- 
tions, which are no more real than the objects of 
geometry. T he patient, in general, whom the 
: phylician has in view, and the idea of whom con- 
tieins all patients really exiſting, is only an abſtract 
5 idea; nay the very merit of each ſcience is ſo much 
the greater, as it extends to notions more general, L 
that is to ſay, more abſtract. „ 
II hall endeavour, by next poſt, to point out che 
: tendency of the cenſures pronounced by theſe phi- 
- loſophers upon geometricians; and the reaſons why 
they are unwilling that we ſhould aſcribe to real, —- 
extended beings, that i is, to exiſting bodies, the pro- 
perties applicable to extenſion 1 in general, or to ab- 
ſtracted extenſion. They are afraid leſt their me- : 


5 taphyſical principles ſhould ſuffer i in the cauſe, 
: 250 4, 1761. 
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LETTER vIII. 
1 Droit bility of Ecxtenſu on in infinitum. 


\HE controverſy between modima philoſs. 
phers and geometricians to which 1 have 


alluded, turns on the diviſibility of body. kk 
1 Property is undoubtedly founded on extenſion, and 

it is only in ſo far as bodies are extended that they 
+ as diviſible, and capable of —.— reduced 0 
5 Parts. 


You will recolle® that | in geometry it is always 


__ poſſible to divide a line, however ſmall, into two : 
equal parts. We are likewiſe, by that ſcience, i in- 
ſtructed in the method of dividing a ſmall line, as 
4, into any number of equal Parts at pleaſure, and 
„ conſtruction of this diviſion is there demon- 
- ſtrated . the poſſibility of doubting | its accu- 
racy. 


Lou have only to G ( plate I. 4 2 3. ) a Yau 7 


AI parallel to a# of any length, and at any diſtance 
you pleaſe, and to divide it into as many equal Eo 
parts AB, BC, CD, DE, &c. as the ſmall line 
given is to have diviſions, fay eight. Draw after- 

_ wards, through the extremities A, a, and I, i, the 


ſtraight lines A 2 O, I 5O, till they meet in the 


. point O: and from O draw toward the points of di- 
a B, C, D. E, &c. the ſtraight lines OB, OC, 


“ff. OD, 
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OD, OE, &c. which ſhall likewiſe cut the {mall 


line a7 into eight equal parts. 


This operation may be performed, however 


ſmall the given line 3 i, and however great the 


number of parts into which you propoſe to divide 
n. True it is, that in execution we are not per- 


mitted to go too far; the lines which we draw al- 


ways have ſome breadth, whereby they are at length | 
confounded, as may be ſeen in the figure near the. 
point O; but the queſtion i is not what may be poſ- 
fible for us to execute, but what is poſſible 1 in itſelf. 
Now in geometry lines have no breadth, and con- 
i ſequently can never be confounded. Hence it fol- 


lows that ſuch diviſion is illimitable. Ds 


III it is once admitted that : a line may be divided 

into a thouſand parts, by dividing each part into 
two it will be diviſible into two thouſand parts, 

and for the fame reaſon into four thouſand, and 

into eight thouſand, without ever arriving at parts 
indivifible.. However ſmall a line may be ſup- 
poſed, it is til diviſible into halves, and each half 5 
again into two, and each of theſe again in like e 


manner, and ſo on to infinity. 


What 1 have ſaid of a line is eaſily . : 
to a ſurface, and, with greater ſtrength of reaſon- 
ing, to a ſolid endowed with ons dimenſions, : 
length, breadth, and thickneſs. Hence it is affirm- 
ed that all extenſion is diviſible to infinity, and this 


property is denominated diviſibility in infinitum. 


_ Whoever is pate to e this property of 


extenſion, 


- 
5 a 8 0 L 1 - 1 _ — _ — "= hy * 
F 2 * . * , - "IF 2 + = TL — — - . — 
as r 5 * — — 3 * hy - 
2 2 ; P fog 29 — , oe 4 * * — * 5 -* 7 , 7 — of 
g Wu => — - a — 9 
. EC * 2 n — 22 * by — 1 
— — — - — —_— . 2 > 4 —_— — — — a — 2 — =. 
0 — — * — 2 by - — 7 — — 
— * * 9 ” OY 
- * an £ * - 
£ — * 8 — — 4 < 55 - 2 8 7 
* * * = > © we x o — 
25 — PLOT 
Q 1 * 
— * — 


" — — 2 2 - 

ba — 

| .* a £ 
p - 
- 2 Xx N . 
7 » « rf . 
E 1 r 2 
2 : 
- Cen 1 — 2 . 


— "I oo 
— => 535 
* e 
——— — — * 
— A — 5 dt} of 
. — 2 — 5 Df hed 2 
— CES . an... 


* 
. 
3 5 . 5 5 


toe — ek Sarda = , 7 N — — : 
; —— . — 14 * + - 
A's War. . BY . a . a8; a 4 5  # * 
2 9 A . 1282 ap + Winch, bs. IR 
= a ES "50 3 — * 3 — | 22 — . Fs 

— — 2 4 . — — —— ——— — - ” n 

- — - AS. 
. = xs 


= my D 
F< +, R 


e 


2 


— — 2 


. — 7 gt T2 3 l 
N a j N a 
vo. — — — ———— — — 


7 *. — — — = 
—— —— „„ — — — IE Wow I oo 


PIR - = * — — _ 
* " 
- 7 . 
rr te 
4 


32 LETTERS TO 


extenſion, is under the neceſſity of maintaining, 
that it is poſſible to arrive at laſt at parts ſo minute 


as to be unſuſceptible of any farther diviſion, be- 
cauſe they ceaſed to have any extenſion. Never- 


theleſs all theſe particles taken together muſt re- 


produce the whole, by the diviſion of which you 
acquired them; and as the quantity of each would 

be a nothing or ꝙpber o, a combination of cyphers 
would produce quantity, which is manifeſtly ab- 
ſurd. For you Know perfectly well, that in arith- 


metic, two or more cyphers Joined never produce 8 
any thing. 


This opinion that in the diviſion of extenſion, or 


&a any quantity whatever, we may come at laſt to 
5 particles ſo minute as to be no longer diviſible, i 
- - becauſe they are ſo ſmall, or bas quantity no 


longer exiſts, i is, therefore, a poſition 8 un- 
tenable. „ 


In order to render * abſurdity of ! it more WY 


1 let us ſuppoſe a line of an inch long, divided . 
into a thouſand parts, and that theſe Parts are ſo 
i ſmall as to admit of no farther diviſion; each part, 85 
1 then, would no longer have any length, for if it 
had any, it would be ſtill diviſible. Each particle, 
then, would of conſequence be a nothing. But if 
theſe. thouſand | particles together conſtituted the : 
length of an inch, the thouſandth part of an inch 
would, of conſequence, be a nothing; which is 
equally : abſurd with maintaining, l. the half of ax 
2 quantity whatever 18 e And 1 it be abſurd —— 
E - 
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to arm, that the half of any quantity is nothing, 
it is equally ſo to affirm, that the half of a half, or 


that the fourth part of the ſame quantity, is nothing; 


and what muſt be granted as to the fourth, muſt 


| likewiſe be granted with reſpect to the thouſandth, 
and the millionth part. Finally, however far you may 
have already carried, in imagination, the diviſion of 


an inch, it is always poſſible to carry it ſtill farther; 
and never will you be able to carry on your ſubdi- 


viſion ſo far, as that the laſt parts ſhall be abſo- 
8 lutely indiviſible. T heſe parts will undoubtedly 
always become ſmaller, and their magnitude will 
2g nearer and nearer to 0, but can never 


reach it. 


e geometrician, therefore, © is warranted in 
affirming, that every magnitude is diviſible to infi- 
nity; 225 that you cannot proceed ſo far in your 2 

diviſion, as that all farther diviſion ſhall be impoſſi- 

ble. But it is always neceſſary to diſtinguiſh be. 
tween what is poſſible in itſelf, and what we are in 

à condition to perform. Our execution is indeed = 

extremely limited. After having, for example, 
divided an inch 1 into a thouſand parts, theſe parts 

are ſo ſmall as to eſcape our ſenſes, and a farther 
_ diviſion would to us, no doubt, be impoſſible. ET 
FR. - you have only to look at this thouſandth ; 
part of an inch through a good microſcope, which 
_ magnifies, for example, a thouſand times, and each _ 
particle will appear as large as an inch to the naked 


| 3 and you will be convinced of the Poſſibility of 
Vor. II. — 9 | dividing 
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dividing each of theſe particles again into a thou- 
ſand parts: the ſame reaſoning may always be car- 


ried forward, without limit and without end. 


It is therefore an indubitable truth, that all mag- 


nitude is diviſible in infinitum, and that this takes 
place not only with reſpect to extenſion, which is 
the object of geometry, but likewiſe with reſpect 

to every other ſpecies of quiatity, ſuch as time and 

nnen 


28th 4pril, 1761. . 


| LETTER IX. 


Whether this Divi Miliy in infinitum tales lac, 
in al Bodies 5 


Th is, aw, a 8 eſtabliſhed truth, that 
extenſion is diviſible to infinity, and that it is 


_ impoſſible to conceive parts ſo ſmall as. to be un- 
5 ſuſceptible of farther diviſion. Philoſophers Ac- 
 eordingly do not impugn this truth itſelf, but deny 
that it takes place in exiſting bodies. They allege, 
that extenſion, the dwifibilicy of which to infinity 
nas been demonſtrated, is merely a chimerical ob- 
ject, formed by abſtraction; and that ſimple exten- 


ſion, as conſidered in | geometry, can have no real 
3 exiſtence. ... LEP. 


Here 
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Here they are in the right; and extenſion is un- 


doubtedly a general idea, formed in the ſame man- 


ner as that of man, or of tree in general, by ab- 


ſtraction; and as man or tree in general exiſts not, 
no more does extenſion in general exiſt. You are 
perfectly ſenſible, that individual beings alone exiſt, 
and that general notions are to be found only in the 
mind; but it cannot therefore be maintained that 


theſe general notions are chimerical; they contain, 


on the contrary, the foundation of all our Know- 


led ge. 


Whatever applies to a general notion, and All 
the properties attached to it, of neceſſity take place 5 
in all the individuals comprehended under that ge- 
neral notion. When it is affirmed that the general 
notion of man contains an urderſtanding and a will, 
it is undoubtedly meant, that every individual man 
is endowed with thoſe faculties. And how many 
| properties do theſe very philoſophers boaſt of hav- 
Ing demonſtrated as belonging to ſubſtance i in ge- 
neral, which is ſurely an idea as abſtract as that of 
5 extenſion; and yet they maintain, that all theſe 
Properties apply to all individual ſubſtances, which 
are all extended. If, in effect, ſuch a ſubſtance — 
„ had not theſe properties, it would be falſe chat they To 
: belonged to ſubſtance in general. 
If then bodies, which infallibly are extended be⸗ 
— ings, or endowed with extenſion, were not diviſible 
do infinity, it would be likewiſe falſe, that diviſibi- 


= uty 2 in infinitum is a property of extenſion. Now 
ok | D2 3 — =} 
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thoſe philoſophers readily admit that this property 
belongs to extenſion, but they inſiſt that it cannot 
take place in extended beings. This is the ſame 
thing with affirming, that the underſtanding and 
will are indeed attributes of the notion of man 1n 
general; but that they can have no place 1 in indivi- 
dual men actually exiſting. 
Hence you will readily draw this conclufion: if 
diviſibility ! in infinitum is a property of extenſion 

in general, it muſt of neceſſity likewiſe belong to 
all individual extended beings; or if real extended 

beings are not diviſible to infinity, it is falſe that di- 
viſibility! in infinitum can be a property of extenſion 


8 general. 


e impoſſible to deny he one or the other &«- 
: theſe conſequences without ſubverting the moſt ſo- 


= id principles of all knowledge; and the philoſo- h 


f phers who refuſe to admit diviſibility in infinitum - 


in real extended beings, ought as little to admit i 1 
with reſpect to extenſion in general; but as they 
grant this laſt, Oy: fall into a glaring contradic- 
tion. „„ = _— 
Fou need i not t to be 3 at this; ; it is a a failing 
from which the greateſt men are not exempt. But 5 


. what! 18 rather ſurprizing, theſe philoſophers, i in or- , 


der to get rid of their embarraſſment, have thought 
proper to deny that body is extended. They ſay, 


that it is only an appearance of extenſion which is 


perceived in bodies, but chat real extenſion by no 
means belongs to them. . | 


You 
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| You ſee clearly that this is merely a wretched ca- 
vil, by which the principal, and the moſt evident pro- 


perty of body is denied. It is an extravagance ſimi- 


lar to that formerly imputed to the Epicurean phi- 
: loſophers, who maintained that every thing which 


exiſts in the univerſe is material, without even ex- 
cepting the gods whoſe exiſtence they admitted. 


But as they ſaw that theſe corporeal gods would be 


0 ſubjected to the greateſt difficulties, they invented a 
ſubterfuge ſimilar to that of our modern philoſo- 
phers, alleging, That the gods had not bodies, 

but vs it were bodies, ( quaſi corpora, ) and that they 
had not ſenſes, but ſenſes as it were; and fo of all the 
members. The other philoſophical ſects of anti- 
quity made themſelves abundantly merry with theſe 


quaſi- corpora and quaſi genſus; and they would have 
equal reaſon, i in modern times, to laugh at the 2 


extenſi, n which our Philoſophers aſcribe to body; 
this term 22 extenſion ſeems per fectly well to ex- 
preſs that appearance. of extenſion, without being fo PE 


in reality. 


5 Geometricians, if they meant to confound them, 

T have only to ſay, that the objects whoſe diviſibility 
in infinitum they have demonſtrated, were likewiſe 

| only as it were extended, and that accordingly all 
= bodies extended as it were, were neceſſarily diviſible 

3 infinitum. But nothing is to be gained with . 
them; they are reſolute to maintain the greareft ab- 

7 furdities rather than ee a miſtake. You 
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n have remarked, that this 1 is the character of I 
moſt all ſcholars. | 


5 34 May, 176 1. | 


LETTER x. 
7 Monads. 


7 HE N we tall i in company, on a phlloophical E 
VV fſubjedts, the converſation uſually turns on 
fach ines as have excited violent diſputes among 
: philoſophers. ot 
The dvilbility of bod is one of them, reſpecting 8 

which the ſentiments of the learned are greatly di- 
vided. Some maintain, that this diviſibility goes 
on to infinity, without the poſſibility of ever arriving 
- particles ſo ſmall as to be ſuſceptible of no farther 
diviſion. But others inſiſt, that this diviſion ex- 
tends only to a certain point, and that you may come 
at length to particles ſo minute, that, having no 


= magnitude, they are no longer diviſible. Theſe 


ultimate particles, which enter into the compoſition 
of bodies, They denominate / =p beings, and mo- 
nads. | 5 

There was a time - when the diſpute reſpecting 
monads employed ſuch general attention, and was 
N e conducted 
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conducted with ſo much warmth, that it forced its 
way into company of every deſeription, that of the 
guard-room not excepted. There was ſcarce a 
lady at court who did not take a decided part in 
favour of monads or againſt them. In a word all 
| converſation was engroſſed by monads, no other 

ſubje& could find admiſfion. 
The Royal Academy of Berlin mak up che con- 
troverſy, and being accuſtomed annually to propoſe 
a queſtion for diſcuſſion, and to beſtow a gold me- 
dal of the value of fifty ducats on the perſon who 
in the judgment of the Academy has given the 
moſt ingenious ſolution, the queſtion reſpecting 
monads was ſelected for the year 1748. A great 
variety of eſſays on the ſubject were accordingly 
produced. The preſident Mr. de Maupertuis 
named a committee to examine them, under the 
direction of the late C ount Dohna, great chamber- 
lain to the queen; who, being an impartial judge, 
examined with all imazinable attention, the argu- 
ments adduced both for and againſt the exiſtence of 
monads. Upon the whole, 1 it was found that thoſe 
which went to the eſtabliſhment of their exiſtence 
were ſo feeble, and ſo chimerical, that they tended 
to the ſubverſion of all the principles of human 
knowledge. The queſtion was, therefore, determin- 
ed in favour of the oppoſite opinion, and the prize 
adjudged to Mr. Juſti, whoſe piece was deemed 
the moſt complete refutation of the monadiſts. 
You may cally 1 imagine how violently this deci- 
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40 
ſion of the Academy muſt irritate the partiſans of 
monads, at the head of whom ſtood the celebrated 
Mr. Wolff. His followers, who were then much 
more numerous, and more formidable than at pre- 
ſent, exclaimed in high terms againſt the partiality 
and injuſtice of the Academy; and their chief had 
well nigh proceeded to launch the thunder of a phi- 
i loſophical anathema againſt it. I do not now recol- 
| lect to whom we are indebted for the care of avert- 
ing this diſaſter. 1 8 
As this controverſy has nds a great t deal of noi, ; 
you will not be diſpleaſed, undoubtedly, if I dwell a 
little uppn it. The whole is reduced to this ſimple 


5 queſtion, Is body diviſible to infinity? or in other 


words, Has the diviſibility of bodies any bound, 
or has it not? I have already remarked as to this, 
that extenſion, geometrically conſidered, is on all 
hands allowed to be diviſible in infinitum ; . becauſe, 
however ſmall a magnitude may be, 1 it is poſſible to 
conceive the half of it, and again the half of that 
half, and ſo on to infinity. 
This notion of extenſion i 18 very abſtract, as are 


thoſe of all genera, ſuch as that of man, of horſe, of TOs 


tree, &c. as far as they are not applied to an indivi- 


= dual and determinate being. Again, it is the moſt 


2 certain principle of all our knowledge, that whatever 
can be truly affirmed of the genus, muſt be t1 true of 
all the individuals comprehended under it. If 
therefore all bodies are extended, all the 3 
— belonging to extenſion muſt belong to each body in 

5 Perticular. 
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particular, Now all bodies are extended; and ex- 
tenſion is diviſible to infinity ; therefore every body 
mult be ſo likewiſe. This is a ſyllogiſm of the beſt 
form; and as the firſt propoſition is indubitable, 
all that remains, is to be aſſured that the ſecond is 
true, that is, whether i it be true or not, that bodies 
are extended. 
be partiſans of monads, in maintaining their = 
opinion, are obliged to affirm, that bodies are not 
extended, but have only an appearance of extenſion. 
They 1 imagine that by this they have ſubverted the 
argument adduced in ſupport of the diviſibility in in- - 
finitum. But if body is not extended, I ſhould be 
glad to know, from whence we derived the idea of 
extenſion; for, if body 1 1s not extended, nothing in 
the world is, as ſpirits are ſtill leſs ſo. Our idea of 
extenſion, therefore, would be alrogether | imaginary | 
i and chimer ical. | CO: 
| Geometry would accordingly be A ſpeculation 15 
entirely uſeleſs and illuſory, and never could admit 
of any application to things really exiſting. In ef- 
fect, if no one thing i is extended, to hae purpoſe - 
: inveſtigate the properties of extenſion ? But as geo- 
metry is, beyond contradiction, one of the moſt uſe- ” 
ful of ſciences, its s object cannot poſſibly be a mere 
chimera. 
There i is a neceſſity, then, of admitting, that the 5 
_ object of geometry is at leaſt the ſame apparent ex- 
tenſion which thoſe philoſophers allow to body; 
but, this very objen? is calible to infinity ; therefore 2 
exiſting 
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exiſting beings, endowed with this apparent exten- 


ſion, maſt neceſlarily be extended. 


Finally, let thoſe philoſophers turn themſelves 
which way ſoever they will in ſupport. of their mo- 


nads, or thoſe ultimate and minute particles, di- 
veſted of all magnitude, of which, according to 

them, all bodies are compoſed, they ſtill plunge into 
difficulties, out of which they cannot extricate tem- 

ſelves. They are right in ſaying, that it is a proof 


of dulneſs to be incapable of reliſhing their ſublime 


doctrine; it may however be remarked, that here 
me. greateſt Kupidity 1 15 the moſt ſucceſsful. 


54 Mey, 1761. 


LETTER XI. 


Balena, on ; Divi bility | in infigitur and 0 on 
| Monads.. oy 


IN riding of the diviſibliry of by; we CET 
carefully diſtinguiſh what is in our power, from 


wht 18 poſſible 1 in "itſelf, In the firſt ſenſe, it can- 
not be denied, that ſuch a diviſion of body as we 
are capable of, muſt be very limited. 


By pounding a ſtone we can eaſily 1 it to 


| powder ; ; and if it were poſſible to reckon all the 

| little grains which form that powder, their number 

would undoubtedly be fo great, that it would be 
matter of ſurprize, to have dwided the ſtone 1 into ſo 


many 
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many parts. | But theſe very grains will be almoſt 
indiviſible with reſpect to us, as no inſtrument we 
could employ will be able to lay hold of them. 
But it cannot with truth be affirmed that they are 
indiviſible in themſelves. You have only to view 


them with a good microſcope, and each will ap- 


pear itſelf a conſiderable ſtone, on which are diſ- 
tinguiſhable a great many points and inequalities ; ; 
which demonſtrates the poſſibility of a farther divi- 


| ſion, though we are not in a condition to execute it. 
For wherever we can diſtinguiſh ſeveral points m- 


any object, it muſt be diviible | into ſo many parts. 


We ſpeak not, therefore, of a diviſion practicable > 


by our ſtrength and ſkill, bur of that which is poſ- 


ſible in itſelf, and which the Divine Omniporence | is 


” able to accompliſh. 


It is in this ſenſe, accredingly, that philoſophers 
. = the word © diviſibility :* fo that if there were a 
ſtone ſo hard that no force could break it, it might 
be without heſitation affirmed as diviſible, in its 
own nature, as the moſt brittle, of the ſame magni- | 
| tude, And how many bodies are there on which 
we cannot lay any hold, and of whoſe diviſibility we 


can entertain not the ſmalleſt doubt? 


No one 


doubts that the moon is a diviſible body, though 


he is iacapable of detaching the ſmalleſt particle 


from it: and the 28 reaſon for | its diviſibility, is 
its being extended. 


Wherever we remark . we are under 


the neceſſity of acknowledging diviſibility, ſo that 


 diviſibility E 
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diviſibility is an inſeparable property of extenſion. 
But experience likewiſe demonſtrates that the divi- 
fion of bodies extends very far. I ſhall not inſiſt at 


great length on the inſtance uſually produced of a 


ducat: the artiſan can beat it out into a leaf ſo fine, 
as to cover a very large ſurface, and the ducat may 
be divided into as many parts as that ſurface is ca- 
pable of being divided. Our own body furniſhes 
an example much more ſurprizing. Only conſider 
the delicate veins and nerves with which it is filled, 95 
and the fluids which circulate through them. The 


ſubtility there diſeoverable far burpaſſes imagina- 5 
tion. 


The ſmalleſt inſets ho; as are ſcarcely vile 


to the naked eye, have all their members, and legs : 
on which they walk with amazing velocity. Hence 
we ſee that each limb has its muſcles compoſed of 
. great number of fibres; that they have veins, 
and nerves, and a fluid ſtill much more ſubrile which LD 
flows through their whole extent. - 


On viewing with a good microſcope a fingle drop : 


of water, it ws the appearance of a ſea; we ſee 
thouſands of living creatures ſwimming in it, each of 
which is neceſſarily compoſed of an infinite number 
of muſcular and nervous fibres, whoſe marvellous 
ſtructure ought to excite our admiration. And 
though tneſe creatures may perhaps be the ſmalleſt 
which we are capable of diſcovering by the help of 
the microſcope, undoubtedly they are not the ſmalleſt | 
| which the Creator has produced. Animalcules pro- 


bably 
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bably exiſt as ſmall relatively to them, as they are 


relatively to us. And theſe after all are not yet 
the ſmalleſt, but may be followed by an infinity of 


new clafles, each of which contains creatures incom- 


parably ſmaller than thoſe of the preceding claſs. 


We ought in this to acknowledge the omnipo- 


tence and infinite wiſdom of the Creator, as in ob- 
jects of the greateſt magnitude. It appears to me, 


that the conſideration of theſe minute ſpecies, each 
of which ! is followed by another inconceivably more 
minute, ought co make the livelieſt impreſſion on 
our minds, and inſpire us with the moſt ſublime 
ideas of the works of the Almighty, whoſe power 
knows no Haves, whether as to. great objects or 


. ſmall. 


To i imagine that ins having divided a body into 
a great ber of parts, we arrive, at length, * 
particles ſo ſmall as to defy all farther e 1s 

therefore the indication of a very contracted mind. 
But ſuppoſing it poſſible to deſcend to particles ſo 
minute as to be, in their own nature, no longer di- 


_ viſible, as in the caſe of the ſuppoſed monads ; be- 


fore coming to this point, we ſhall have a particle ; 

compoſed. of only two monads, and chis particle 

will be of a certain magnitude. or extenſion, other- 
wiſe it could not have been diviſible into theſe two 

| monads. | Let us farther ſuppoſe, that this particle, 5 

as it has ſome extenſion, may be the thouſandth part 

of an inch, or ſtill ſmaller if you will; for it is of no 


: importance, what i lay of the thouſandrh part oY an 
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inch may be ſaid with equal truth of every ſmaller 
part. This thouſandth part of an inch, then, is 


compoſed of two monads, and conſequently two 
monads together would be the thouſandth part of 
an inch, and two thouſand times nothing, a whole 
inch the abſurdity ſtrikes at firſt ſight. 


The partiſans of the ſyſtem of imonads accord- 


5 ingly ſhrink from the force of this argument, and 
are reduced to a terrible nonplus when afked how 
many monads are requiſite to conſtitute an exten- 
fon. Two, they apprehend, would appear inſuffi- 
cient, they therefore allow that more muſt be ne- 
|  ceflary. But, if two monads cannot conſtitute ex- 
tenſion, as each of the two has none; neither three, 
nor four, nor any number whatever will produce it; 
and this completely ſubverts the ſyſtem of mo- 
nads. 


0% Ae, 156. 


LETTER XII. 


1 Roh 7 the Objetton E the Monad: js 70 | Diviftiliy ; 
5 „ in infinitum. 5 


AE partiſans of monads are far * ſubmit- | 


ting to the arguments adduced to eftabliſk - 


the r e of body to infinity. Without at- 
tacking them directly, they allege that diviſibility 
= infinitura 1 is a chimera of geometricians, and that 


I 
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„ involved in contradiction. F or, if wt body 
is diviſible to infinity, it would contain an infinite 


number of parts, the ſmalleſt bodies as well as the 
greateſt: the number of theſe particles to which di- 
viſibility in infinitum would lead, that is to ſay, the 
moſt minute of which bodies are compoſed, will 
then be as great in the ſmalleſt body as in the 
largeſt, this number being infinite in both; and 
hence the partiſans of monads triumph in their 
reaſoning as invincible. For, if the number „ 
ultimate particles of which two bodies are com- 
poſed | is the ſame 1 in both, it muſt follow, ſay they, 


that the bodies are perfectly equal to each other. 


Now this goes on the ſuppoſition, that the ulti- 
| mate particles are all perfectly e equal to each other; 
for if ſome were greater than others, 1 it would not be 
ſurprizing that one of the two bodies ſhould be 
much greater than the other. But it is abſolutely 
neceſſary, ſay they, that the ultimate particles of all 5 
bodies ſhould be equal to each other, as they ms; 
longer have any extenſion, and their magnitude f 
abſolutely vaniſhes, or becomes nothing. They 
even form a new objection, by allegiog that all bodies 
' would be compoſed of an infinite number of no- 


things, which is a ſtill greater abſurdity. 


I readily admit this; but I remark at the ſame 
time, that it ill becomes them to raiſe ſuch an ob- 


jection, ſeeing they maintain, that all bodies ms 
compoſed of a certain number of monads, though, 


relatively to magnitude, they are abſolute 8 
things; = 
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things; 0 that by their own confeſſion, ſeveral no- 


things are capable of producing a body. They are 
right in ſaying their monads are not nothings, but 


beings endowed with an excellent quality, on which 
the nature of the bodies which they compoſe i is found- 
ed. Now, the only queſtion here is reſpecting ex- 
tenſion; and as they are under the neceſſity of ad- 

mitting that their monads have none, ſeveral no- 
things, according to them, would always be ſome- 
thing. 


But I mall RY this argument . the ſyſtem 


of monads no farther ; my obje& being to make a 
direct reply to the objection founded on the ulti- 
mate particles of bodies, raiſed by the monadiſts in 
ſupport of their ſyſtem, by which they flatter them 
ſelves in the confidence of a complete victory over . 
in the partiſans of diviſibility i in infinitum. 


I ſhould be glad to know, in the firſt place, 


what they mean by the ultimate particles of bodies. 
In their ſyſtem, according to which every body is 
compoſed of a certain number of monads, I clearly 
” comprehend that the ultimate particles of a body, e 
are the monads themſelves which conſtitute it ; but 
in the ſyſtem of diviſibility f in infinitum, che term 5 
ultimate particle is abſolutely unintelligible. 


They are right in laying, that thats are the par- 


_ ticles at which we arrive from the diviſion of bo- 

dies, after having continued it to infinity. But this 
is juſt the ſame thing with ſaying, after having 
finiſned a diviſion which never. comes to an end. 


_ 
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For diviſibility in-infinitum means nothing elſe but 


the poſſibility of always carrying on the diviſion, 


without ever arriving at the point where it would 


be neceſſary to ſtop. He who maintains diviſibi- 
lity in infinitum, boldly denies, therefore, the exiſt- 


ence of the ultimate particles of body; and it is a 


manifeſt contradiction, to ſuppoſe at once ultimate 


particles and diviſibility in infinitum. 


I reply, then, to the partiſans of the ſyſtem of 
monads, that their objection to the diviſibility of 
body to infinity would be a very ſolid one, did that 


ſyſtem admit of ultimate particles; but being ex- 


preſsly exeluded from it, all this reaſoning, of courſe, : 


falls to the grou nd. 


It is falſe, therefore, chat | in \ the Fyſtern of divifi- - 
| bility 3 in infinitum, bodies are compoſed of an infi- 
nity of particles. However cloſely connected theſe 


two propoſitions may appear to the partiſans of 


| monads, they manifeſtly contradict each other; for 
© whoever maintains that body is diviſible in infini- 
tum, or without end, abſolutely denies the exiſtence 
of ultimate particles, and conſequently has no con- 
cern in the queſtion. The term can only mean 
ſuch particles as are no longer diviſible, an idea to- 

| ally inconſiſtent with the ſyſtem of diviſibility N 
infinitum. This formidable attack, then, is com- 


_ poi repelled. 
_ 200 May, 1761. 
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Principle of t the ſatisfying Resten, the Aron Support 
of the Monaaz ſts. L 


ou muſt be perfectly ſenſible that one of the 
two ſyſtems, which have undergone fuch | 


angle diſcuſſion, | is neceſſarily true, and the other - 
5 falſe, ſeeing they are contradictory. 


It is admitted on both ſides, that bodies are di- | 


. viſible: the only queſtion 1 IS, Whether this diviſtbility | 


is limited? or Whether it may always be carried 


_ farther, without the poſſibility of ever arriving at 


5 indiviſible particles 5 


The ſyſtem of monads i is eſtabliſhed i in the former 


. eaſe, fince after having divided a body into indiviſi- 


ble particles, theſe very particles are monads, and 
there would be reaſon for ſaying that all bodies are 
compoſed of them, and each of a certain determi- 
hate number. Whoever denies the ſyſtem of mo- 
naads, muſt likewife, then, deny that the diviſibility 
. of bodies is limited. He is under the neceſſity of 
maintaining, that it ĩs always poſſible to carry this 
3 diviſibility farther, without ever being obliged to 
ſtop; and this is the caſe of rid in infinttum, 
on which ſyſtem we abſolutely deny the exiſtence 
pl ultimate particles: conſequently the diffculties 
— teſuking from. their indnite number fall to the 


Sxound | 
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ground of themſelves. In denying monads, it is 
impoſſible to talk any longer of ultimate particles, 


Into the compoſition of each body. 


Lou muſt have remarked, that what I have hi- 
therto produced in fupport of the ſyſtem of monads 
is deſtitute of ſolidity. I now proceed to inform 
you that its ſupporters reſt their cauſe chiefly on the 
great principle of the fufficient reaſon, which they 
know how to employ ſo dexterouſly, that by means 


of it they are in a condition to demonſtrate what- 


ever ſvits their purpoſe, and to demoliſh whatever 

makes againſt them. The bleſſed diſcovery made, 

then, ! 1s this, T, hat nothing can be without a Sufficient 
reaſon ; and to modern Philoſophers we Rand 1 in- 


debted for 1 8 


In order to give you an idea of this i prince, - 

on have only to conſider, that in every thing pre- 
ſented to you, it may always. be aſked, Why it is 
ſuch? And the anſwer is what they call the ſufficient | 

: reaſon, ſuppoſing it really to correſpond with the 
_ queſtion propoſed. Wherever the why can take 
place, the poſſibility of a ſatisfactory anſwer is taken 
for granted, which ſhall, of courſe, contain the ſuſfi- > 


_ cient reaſon of the thing. 


This is very far, however, from being a myſtery 
of modern diſcovery. Men in every age have aſked 
why; an inconteſtable Proof of their conviction. 

that every thing muſt have a ſatisfying reaſon of 

— its exiſtence. T his principle, that norbing i is without _ 

— 3 4 cauſe, 


and ſtill leſs of the number of them which enters 
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4 cauſe, was very well known to ancient philoſo- 
phers; but unhappily this cauſe is for the moſt part 
concealed from us. To little purpoſe do we aſk 
he no one is qualified to aſſign the reaſon. It is 
not a matter of doubt, that every thing has its cauſe; 
but a progreſs thus far hardly deſerves the name; 

and ſo long as it remains concealed, we have not 
adyanced a ſingle ſtep in real knowledge. ene 
I You may perhaps imagine, that modern philoſo- | 
| whos, who make ſuch a boaſt of the principle of a 
fatisfying reaſon, have actually diſcovered that of 
all things, and are in a condition to anſwer every 

why that can be propoſed to them; which would 
| undoubtedly be the very ſummit of human know-_ 
| ledge; but, in this reſpect, they are juſt as. ignorant 
as their neighbours : : their whole merit amounts to 
no more than a pretenſion to have demonſtrated, 
that wherever it is poſſible to aſk the queſtion why, 
there muſt be a fatisfying anſwer to it, though con- 
= cealed from us. N 2 
Ihey readily admit, that the ancients - had. 3 
knowledge of this principle, but a knowledge verx 
obſcure; whereas they pretend to have " placed 
it in its cleareſt light, and to have demonſtrated 
the truth of it: and therefore it is that they | 
| know how to turn it moſt to their account, and that 
this principle puts them in a condition to prove, 
that bodies are compoſed of monadlss. 
Bodies, ſay they, muſt have their fafficient rea- 
— fon Firs but if chey were : diviſible to infi- 
. nitjy, 


__— 


A GERMAN PRINCESS — 53 
nity, fuch reaſon could not take place : and hence 
they conclude, with an air altogether philoſophic, 


that, as every thing muſt bade its ſufficient reaſon, it is 


abſolutely neceſſary that all bodies ſhould be compoſed of 
monads. which was to be demonſtrated. This, I 


muſt admit, is a eee not to be re- 
fiſted. 


It were greatly to be wiſhed that a reaſoning ſo 


flight could elucidate to us queſtions of this 1 import- 


ance; but I frankly confeſs, I comprehend nothing 
of the matter. They talk of the ſufficient reaſon of 


bodies, by which they mean to reply to a certain 


 wherefore, which remains unexplained. But it would 

be proper, undoubtedly, clearly to underſtand, and 
carefully to examine a queſtion, before a reply mn 
attempted ; in the preſent caſe, the anſwer | is given 


| betore the queſtion is formed. 


Is it aſked, Why do bodies exiſt? It woo be 
ridiculous, i in my opinion, to reply, Becauſe they 

are compoſed of monads ; as if they contained the 
cauſe of that exiſtence. Monads have not created 

bodies: and when I aſk, Why ſuch a being g exiſts? | 

l ſee no other reaſon that can be given but ans, 
FBecauſe the Creator has given it exiſtence ; and as to 

the manner in which creation is performed, 
: loſophers, I think, would . do. well honeſtly to ac- 


knowledge their ignorance. 
But they maintain, that. God could not 1 pro- 
duced bodies, without having created monads, 


: which were neceſſary to form the compoſition of 
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54 LETTERS TO 
them. This manifeſtly ſuppoſes, that bodies are 
compoſed of monads, the point which they meant 
to prove by this reaſoning. And you are abun- 
dantly ſenſible, that it is not fair reaſoning to take 
for granted the truth of a propoſition which you 
are bound to prove by reaſoning. It is a ſophiſm 
| Known in logic by the name of a petitio principii, or, 

begging the queſtion. : 
16th May, 1761. ; 


| LETTER XIV. 


Anther 2 of the Maonadifts, derived 1 from the 
Principle of the ſufficient Reaſon. e re- 
Hui from it. 


H E partiſans of monads likewiſe derive their 
grand argument from the principle of the 
- fatiafying reaſon, by alleging that they could not 
even comprehend the poſſibility of bodies, if they 
ere diviſible to infinity, as there would be nothing 
in them capable of checking imagination; they 
muſt have ultimate particles or elements, the com- 
poſition of which muſt ſerve to e the compo. 


75 ſition of bodies. 


But do they pretend to underſtand the poſſibility 

of all the things which exiſt? This would favour 
too much of pride; nothing i 1s more common among 
philoſophers 
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philoſophers than this kind of reaſoning: I cannot 
comprehend the poſſibility of this, unleſs it is ſuch 

as I imagine it to be: therefore i it neceſſarily myſt 
be ſuch. 


You clearly comprehend the frivolouſneſs of ſuch 


reaſoning; and that in order to arrive at truth, re- 
ſearch much more profound muſt be employed. 
Ignorance can never become an argument to con- 


duct us to the knowledge of truth, and the one in 
queſtion is evidently founded on ignorance of the 


different manners which may render the thing poſ- 
JJ 8 
But on the ſuppoſition that nothing exiſts but 
that whoſe poſſibility they are able to comprehend, 


s it poſſible for them to explain how bodies would 
„ be compoſed of monads ? ? Monads, having no ex, 
tenſion, muſt be conſidered as points in geometry, 
or as we repreſent to ourſelves ſpirits and ſouls. 
Now it is well known that many geometrical _ 
points, let the number be ſuppoſed ever ſo great, 
never can produce a line, and conſequently ſtill leſs 


a ſurface, or a body. If a thouſand points were ſuf- 


ficient to conſtitute the thouſandth part of an inch, 
each of theſe muſt neceſſarily have an extenſion, 
which, taken a thouſand times, would become equal | to 
the thouſandth part of an inch. F inally, it is an in- 
conteſtable truth, that take any number of points 


you will, they never can produce extenſion. I ſpeak 
here of Powe ſuch as we conceive in geometry, 
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| without any length, breadth or thickneſs, and 
which, in that reſpect, are abſolutely nothing. 


Our philoſophers accordingly admit that no ex- 


tenſion can be produced by geometrical points, and 


they ſolemnly proteſt that their monads ought not 


to be confounded with theſe points. They have no 
more extenſion than points, ſay they; but they are 
_ inveſted with admirable qualities, ſuch as repreſent- 


ing to them the whole univerſe by ideas, though ex- 


tremely obſcure ; and theſe qualities render them 


| Proper to produce the phenomenon of extenſion, or 


rather that apparent extenſion which 1 formerly 
mentioned. The fame idea, then, ought to be 
formed of monads as of ſpirits and fouls, with this 


difference, that the faculties of monads are much 
more imperfect. 


1 difficulty appears to me by this greatly i in- 


5 creaſed, and I flatter myſelf you will be of my opi- 
nion, that two or more ſpirits cannot poſſibly be 
joined ſo as to form extenſion. Several ſpirits may 
very well form an aſſembly, or a council, but never 


an extenſion; abſtraction made of the body of each 
counſellor, which contributes nothing to the delibe- 


ration going forward, for this is the production of 
ſpirits only; a council is nothing elſe but an aſſem- 
bly of ſpirits or ſouls : but could ſuch an aſſembly 


repreſent an extenſion ? Hence i It follows, that mo- 


nads are till leſs proper to produce extenſion than — 
| geometrical points are. 


The e partiſans of the ſyſtem, accordingly, are not 
—_ agreed 
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agreed as to this point. Some allege, that monads 
are actual parts of bodies; and that after having di- 
vided a body as far as poſſible, you then arrive at N 


the monads which conſtitute it. 
Others abſolutely deny that monads can be con- 
fidered as conſtituent parts of bodies; according to 


them, they contain only the ſufficient reaſon: while 
the body 1 is in motion, the monads ſtir not, but they 
contain the ſufficient reaſon of motion. Finally, 
they cannot touch each other; thus, when my hand 
touches a body, no one monad of my hand touches 


a monad of the body. 


What is it then, you will alk, that touches in this 
© caſe, if it is not the monads which compoſe the 
hand and the body? Z he anſwer muſt be, that two 


nothings touch each other, or rather it muſt be de- 


nied that there is a real contact. It is a mere illu- 
ſion deſtitute of all foundation. They are under 
the neceſſity of affirming the ſame thing of all bo- 
dies, which according to theſe Philoſophers are 
only phantoms Formel by the imagin afion, repre- 
ſenting to itſelf very confuſedly the monads which 
contain the ſufficient reaſon of all that we denomi- 


nate body. 


In this philoſophy every ing 1s PEE phantom 
and illuſion ; and when we cannot comprehend theſe 
myſteries, it is our ſtupidity that Keeps up an at- : 


tachment to the groſs 1 notions of the vulgar. = 


The greateſt ſingularity i in the caſe is, that the le 


. Philoſophers, with a deſign to inveſtigate and ex- 
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plain the nature of bodies and of extenſion, are at 

laſt reduced to deny their exiſtence. This is un- 

doubtedly the ſureſt way to ſucceed in explaining 
the phenomena of nature ; you have only to deny. 
them, and to allege, in proof, the principle of the ſuf- 

ficient reaſon, Into ſuch extravagances will philoſo- : 
phers run, rather than acknowledge their 1gno- | 
55 rance. 
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LETTER XV. 


Resi on the Sy fe en of Monads, 


7 would be a great Rey however, that this inge- 
1 nious ſyſtem of monads ſhould crumble into 
ruins. It has made too much noiſe, it has coſt i —_ 
partiſans too many ſublime and profound ſpecula- 
| tions, to be permitted to fink into total oblivion. It 
LEE will ever remain a ſtriking monument of the extra- 
if ____ vagance into which the ſpirit of philoſophizing may 
TY run. It is well worth while, then, to preſent you 
C a more particular account of it. 1 
It is neceſſary, firſt of all, to baniſh from the mind 
every thing corporeal, all extenſion, all motion, all 
1 time and ſpace, for all theſe are mere illuſion. No- 


thing exiſts 1 in the world but monads, the number of 
Which 
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which undoubtedly ; is prodigious. No one monad 
is to be found in connection with others; and it is 


demonſtrated by the principle of the ſufficient rea- 


ſon, that monads can in no manner whatever a& 
upon each other. They are indeed inveſted with 
powers, but theſe exerted only within 1 


without having the leaſt influence externally. 


Theſe powers, with which each monad is en- 
dowed, have a tendency only to be continually 
changing their own ſtate, and conſiſt in the repreſen- 

tation of all other monads. My ſoul, for example, 
zs a monad, and contains in itſelf ideas of the ſtate of 
all other monads. Theſe ideas are for the moſt 
part very obſcure; but the powers of my ſoul are 
continually employed in their farther elucidation, 
and in carrying them to a higher degree of clear⸗ 
neſs. Other monads have, in this reſpect, a ſuffi- 
cient reſemblance to my ſoul; each is replete with 
2 prodigious quantity of obſcure ideas of all other 
monads, and of their ſtate; and they are continually 
exerting themſelves with more or leſs ſucceſs in un- 
folding theſe ideas, and! in carrying them to a higher 


degree of clearneſs. 


Such monads as have ſucceeded better than 1 
have done are ſpirits more perfect; but che greater 
part ſtill remain in a ſtate of ſtagnation, in the 
greateſt obſcurity of their idess; and when they 
are the object of the ideas of my ſoul, they produce 
in it the illuſory and chimerical idea of extenſion, and 


of body. As oſten as my ſoul thinks of bodies and 
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of motion, this proves that a great quantity of other 
monads are ſtill buried in their obſcurity; it is 
likewife when I think of them, that my ſoul forms 
within itſelf the idea of ſome extenſion, which is con- 


ſequently nothing but mere illuſion. 
The more monads there are plunged i in the abyſs 


of the obſcurity of their ideas, the more is my foul 

dazzled with the idea of extenſion ; but when they 
come to clear up their obſcure ideas, extenſion _ 
fſeems to me to diminiſh, and this produces i in my 

Poul the illuſory idea of motion. h 


Tou will afk, no doubt, How my ſoul perceives bu, 


that other monads ſucceed in developing their ob- 
5 ſcure ideas, ſeeing there is no connection between 
them and me? The partiſans of the ſyſtem of mo- 
nads are ready with this reply, that it takes place 
| conformably to the perfect harmony which the 
Creator (who is himſelf only a monad,) has eſta- 
i bliſhed between monads, by which each perceives in ; 
itſelf, as in a mirror, every developement produced in 
others, without any manner of connection ee 


5 them. 5 


It is to be hoped, then, that all monads may at 


| kngh become ſo happy as to clear up their obſcure 
| ideas, and then we ſhould loſe all ideas of body and 


of motion ; and the illuſion, ariſing merely from the 
obſcurity of ideas, would entirely 50% 3 


But there 1s little appearance of the arrival of this 


bleſſed ſtate ; moſt monads, after having acquired 


the N of clearing up their obſcure ideas, ſu- 
3 "oP 
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denly relapſe. When. ſhut up in my chamber, I 
perceive myſelf but of ſmall extenſion, becauſe ſeve- 
ral monads have then unfolded their ideas: but as 
ſoon as I walk abroad, and contemplate the vaſt ex- 
panſe of heaven, they muſt all have relapſed into 
their ſtate of dullneſs. 
There is no change of place or of motion; all | 
that is illuſion merely: my ſoul remains almoſt 
always in the ſame place, juſt as all other monads. 
But, when it begins to unfold ſome ideas, which be- 
fore were but very obſcure, | it appears to me then Lo 
that I am approaching the obje& which they repre- 
| ſent to me, or rather that which the monads of ſuch 
| idea excite in me: and this i is the real explanation 
of the phenomenon, when it appears to us that we 
are approaching to certain objects. „ 
It happens but too frequently thatthe elucidations : 
we had acquired are again loſt; then it appears to 
us that we are removing from the ſame object. 
And here we muſt look fe the true ſolution of our 
_ journeyings. My idea, for example, of the city of 
Magdeburg is produced by certain monads, of 
which at preſent I have but very obſcure ideas; and 
this! is the reaſon why 1 conſider myſelf as at a diſ- 1 
tance from Magdeburg. Laſt year, theſe ſame 
ien ſuddenly | became clear, and then I imagined 13 
was travelling to Magdeburg, and that I remained 
there ſeveral days. This journey, however, was an 
illuſion merely, for my ſoul never ſtirs from its place. 
7 It is 5 likewiſe,an Wuſion when vou imagine yourſelf 
TE — 3 — 
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abſent from Berlin, becauſe the confuſed repreſenta- 
tion of certain monads excites an obſcure idea of 
Berlin, which you have only to clear up, and that 
inſtant you are at Berlin. Nothing more is neceſſary. 
What we call Journeys, and on which we expend ſo 
much money, 1s mere illuſion. Such 15 the rea] plan 
of the ſyſtem of monads. 
You will aſk, Is it poſſible there ever. ſhould 


have been perſons of good ſenſe, who ſeriouſly 7 


maintained theſe extravagances? 2 I reply, there 
have been but too many, that I know ſeveral of 

them, that there are ſome : at Berlin, nay perhaps a at. 
Magdeburg. 9 5 


23⁴ Moy, 1761. 5 


LETTER xf. 


Continuation. 0 


| HE en of monads, ſuch as 44 have been | 
= deſcribing i it, is a neceſſary conſequence from 
5 the 3 that bodies are compounded of ſimple 


= | beings. The moment this principle is admitted, 


you are obliged to acknowledge the juſtneſs of all 

the other conſequences, which reſult from it ſo na- 
turally, that it is impoſſible to 5 any one, how- 

5, ever abſurd and contradictory. Es 
- : Firſt, 5 
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Firſt, theſe fimple beings which muſt enter into 
the compoſition of bodies, being monads which 
have no extenſion, neither can their compounds, 


that is bodies, have any; and all theſe extenſions 


become illufion, chimera, it being certain, that 


parts deſtitute of extenſion are incapable of pro- 


ducing a real extenſion; it can be, at moſt, an appear- 
| ance, or a phantom which dazzles by a fallacious 
idea of extenſion. In a word, every thing becomes 
illuſion, and upon this is founded the ſyſtem * 
pre- eſtabliſhed harmony, the difficulties of which 1 


have already pointed out. 


It is neceſſary then to take care that we ke not 
entangled 1 in this labyrinth of abſurdities. It you 
mile a ſingle falſe ſtep over the threſhold, you are 

involved beyond the power of eſeaping. Every 
thing depends on the firſt ideas formed of exten- 

ſion; and the manner in which the partiſans of the 


ſyſtem of monads endeavour to eſtabliſh 1 is ex- 
tremely ſeductive. „ 


Theſe philoſophers love not to ) ſpeak of the. ex- | 
tenſion of bodies, becauſe they clearly foreſee, that 
it muſt become fatal to them in the ſequel; but in- 

5 ſtead of faying, that bodies are extended, they de- : 
nominate them compound beings, which. no one 
can deny, as extenſion neceſſarily ſuppoſes diviſibi- 

lity, and conſequently ; a combination of parts which . 
conſtitute bodies. But they Preſently make a 


wrong uſe of this notion of a compound being. 


For, fay they, a being can be compounded only ſo 
N 
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far as it is made up of ſimple beings ; ; and hence 
they conclude, that every body is compounded of 
ſimple beings. As ſoon as you grant them this 
concluſion, you are caught, beyond the power of re- 
treating; for you are under the neceſſity of admit- 
ting, that theſe ſimple beings, not being compound- 
ed, are not extended. Cn 
This captious argument is exceedingly ſeductive. 
If you permit yourſelf to be dazzled with it, they 
have gained their point. Only admit this propoſi- 
tion, bodies are compounded of ſimple beings, that 
zs, of parts which have no extenſion, and you are 
entangled. With all your might, then, reſiſt this 
aſſertion : every compound being is made up of fi mple 
beings; and though you may not be able directly to 
prove the fallacy, the abſurd conſequences which 
immediately reſult, would be ſufficient to over- 
throw it. 
In effect, they admit that bodies are nel 
from this point the partiſans of the ſyſtem of mo- 


5 nads ſet out, to eſtabliſh the propoſition that they : 


are compound beings ; and having hence deduced, 
that bodies are compounded of ſimple beings, they 7 
are obliged to allow, that ſimple beings are incapa- 
ble of producing real extenſion, and conſequently, - 


bs that the extenſion of bodies is mere illuſion. 5 
An argument whoſe concluſion is a direct con- 


tradiction of the premiſes | is ſingularly ſtrange; this 
— reaſoning ſets out with advancing that bodies are 
extended ; for, | if they were not, how could 1 it be 


known WE, 
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known that they are compound beings, and then 
comes the concluſion, that they are not ſo. Never 
was a fallacious argument, in my opinion, more 
completely refuted than this has been. The queſ- 
tion was, Why are bodies extended? And, after a lit- 
tle turning and winding, it is anſwered, Becauſe they 
are not fo. Were I to be aſked, Why has a triangle 
three ſides? and I ſhould reply, that it is a mere il- 
luſion, would ſuch a reply be deemed ſatisfactory? 


It is therefore certain, that this propoſition, Every 
compound being is neceſſarily made up of ſimple 
beings,” leads to a falſe concluſion, however well 
founded | it may appear to the partiſans of monads, 

who even pretend to rank it among the axioms, or 
firſt principles of human knowledge. The abſur- 


dity in which it immediately iſſues, is ſufficient to 


overturn it, Were there no other reaſons for calling 


it in queſtion. 


But as a compound being here means the ſame 5 
5 thing, as an extended being, it is Juſt as if it were 


affirmed, $ Every extended being is compounded "i 


beings. W hich are not ſo.” And this i 1s preciſely the 
-” queſtion. Ic 18 aſked, Whether, on dividing a body, 
you arrive at length at parts unſuſceptible of any 
| farther diviſion, for want of extenſion ; or Whether 
you never arrive at par ticles ſuch as that the diviſi- | 


8 bility ſhould be unbounded? 


In order to determine this important queſtion, 
Py the ſake of argument let it be ſuppoſed, that 


* body is compounded of parts without exten- 


Vor. I. . F fon, | 
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ſion. Certain ſpecious reaſonings may eaſily be 
employed, drawn from the noted principle of the 
ſufficient reaſon; and it will be ſaid, that a compound 
being can have its ſufficient reaſon only in the ſim- 
ple beings which compoſe it; which might be true, 
if the compound being were in fact made up of 
ſimple beings, the very point in queſtion; and 
whenever this compoſition is denied, the ſufficient f 
reaſon becomes totally inapplicable. 
But it is dangerous to enter the liſts with perſons 
| who believe i in monads; for, beſides that there is 
nothing to be gained, they loudly exclaim that you 
are attacking the principle of the ſufficient reaſon, 
which is the bali of all certainty, even ct the exiſt: 
ence of God. According to them, whoever refuſes 
to admit monads, and rejects the magnificent fabric, 
in which every thing 1 is illuſion, is an infidel and un. 


atheiſt. Sure I am that ſuch a frivolous imputa- 


tion will make not the ſlighteſt impreſſion on your 
_ mind, but that you will perceive the wild extrava- 
gancies into which men are driven, when they em- 
| brace the ſyſtem of monads, a ſyſtem too abſurd to 
need a refutation in detail. Their foundation be- 


| ing abſolutely reduced to a wretched. abuſe of the 
principle of the ſufficient reaſon. > 


26th May, 1761. — 


LETTER 
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LETTER XVII. 
1 mean of Reflections on this Orem. 


2 are under the neceſſity of acknowledging 


of it. 35 
They pretend that, 7 diviſibili 7 


nite. 


The 3 of the ſyſtem of monads are very = 

dangerous perſons ; they accuſed us of atheiſm, 
and now they charge us with polytheiſm, alleging 
that we aſcribe to all bodies infinite perfections. 
Thus we ſhould be much worſe than Pagans, Who 

only worſhip certain idols, whereas we are accuſed | 
of paying homage to all bodies as ſo many divini- 
ties. A dreadful imputation, no doubt, were it 
well founded; and I ſhould certainly prefer em- 


bracing the ſyſtem of monads, with all the chime- 


ras and illufions which flow from it, to a declaration 
in favour of diviſibility in infinitum, if 1 it involved 


a concluſion ſo | impious. 


the diviſibility of bodies in infinitum, or of 
admitting the ſyſtem of monads with all the extra- 
vagancies reſulting from it; there is no other choice: 
an alternative which ſupplies the partiſans of that 
ſyſtem with another formidable argument in 1 ſupport | 


in | infinitum, | 
we are obliged to aſcribe to bodies an infinite qua- 


N lity, whereas it 1s certain chat God alone is infi- : 
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You will allow that to reproach one's adverſaries 
with atheiſm or idolatry is a very ſtrange mode of 
arguing ; but where do they find us aferibing to 
bodies this divine infinity ? Are they infinitely 
| powerful, wiſe, good, or happy? By no means: 
we only affirm, chat on dividing bodies, though the 
diviſion be carried on ever ſo . it will always be 
poſſible to continue it farther, and that you never 
can arrive at indiviſible particles. It may accord- 

ingly be affirmed that the diviſibility of bodies is 
| without limits; and it is improper to uſe the term 
infnity, which is applicable to God alone. : T 
I mut remark at the ſame time, that the word 15 
5 5 infinity” is not ſo dangerous as theſe philoſophers 
inſinuate. In ſaying, for example, infinitely wicked, 
nothing is more remote from the  pertections | of 
God. : en | 
5 They admit chat our ſouls will never have an 
end, and thus acknowledge an infinity in the dura- 
tion of the ſoul, without marking the leaſt diſreſpect 
to the infinite perfections of God. Again, when 
you aſk them if the extent of the univerſe is bound- 
ec, are they very indeciſive in their anſwer? Some 
of them frankly allow, that the extent of the uni: 
verſe may very probably be infinite, without 1 
being able, however far our ideas are carried, 7 BE 
5 determine its limits. Here then is one : inflnicy 
more, which they do not deem heretical. 
PFor a ſtill ſtronger reaſon divilibility in infinitum : 
= i not to give them the leaſt offence. To be 
6VVV)) Wd nmol. WR FF 
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diviſible to infinity is not ſurely an attribute which 


any one could ever think of aſcribing to the Su- 
preme Being, and confers not on bodies a degree 
of perfection which would not be far from that 


which theſe philoſophers allow them, in compound- 
ing them of monads, which, on their ſyſtem, are 
beings endowed with qualities ſo eminent, that they 


heſitate not to give to God himſelf the denomina- 
tion of monad. 


N In truth, the idea of a diviſion which may be 
continued without any bounds, contains ſo little of 


the character of the Deity, that it rather places bo- 


dies 1 in a rank far inferior to that which ſpirits and 
our ſouls occupy z for it may well be affirmed, 
that a ſoul, in its efſence, i is infinitely more valuable : 
25 than all the bodies in the world. But, on the ſyſ- 
tem of monads, every body, even the vileſt, is com- 
wy pounded of a vaſt number of monads, whoſe nature 
has a great reſemblance to that of our ſouls. Each 
monad repreſents to itſelf the whole world as eaſily 
: as our ſouls; but, tay they, their ideas of i it are 
very obſcure, though we have already clear, and 


i ſometimes alſo diſtinct, ideas of it. 


But what aſſurance have they of this a 2 
ls it not to be apprehended that the monads which 
compoſe the pen where with I am writing, may have 
| ideas of the univerſe much clearer than thoſe of r my 
ſoul? How can I be aſſured of the contrary ? 3 
ought to be aſhamed to employ a pen in convey- 
= ing my feeble conceptions, while the monads . 
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which i it conſiſts poſſibly conceive much more ſub- 
limely; and you might have greater reaſon to be 


ſatisfied, ſhould the pen commit its own thoughts 
to paper, inſtead of mine. 


In the ſyſtem of monads, that is not neceſlary ; 


the ſoul repreſents to itſelf, beforehand, by its inhe- 


rent powers, all the ideas of my pen, but in a very | 
obſcure manner. What I am now taking the li- 
berty to ſuggeſt, contributes abſolutely nothing to 


your information. The partiſans of this ſyſtem 


have demonſtrated that ſimple beings cannot exer- 


ciſe the ſlighteſt influence on each other; and your 
own ſoul derives from itſelf what I have been en- 
deavouring to convey, without my having a con- 
cern in the matter. 5 


Converſation, reading and writing, therefore, are 


merely chimerical and deceptive formalities, which 
illuſion would impoſe upon us as the means of ac- 
quiring and extending knowledge. But J have al- 
ready had the honour of pointing out to you the : 
wonderful conſequences reſulting from the ſyſtem 
dk the pre-eſtabliſhed harmony; and I am appre- 
henſive that theſe reveries may have become too 
fevere a trial of your patience, though many perſons 
of ſuperior illumination conſider this ſyſtem as the 
moſt ſublime production of human underſtanding, 
and are incapable of mentioning it but with the 
moſt profound reſpect. 


I flatter myſelf that I have guarded you fo 


- ciently againſt ſuch chimeras, however ſeductive 


9 | 355 P- 
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their appearance ; I ſhould be ſorry, at the ſame 
time, to have injured in your good opinion a conſi- 
derable part of our modern philoſophers. They 
are, for the moſt part, extremely innocent, but re- 
main obſtinately attached to the ſyſtem which at 
firſt impoſed on them, without greatly troubling 
themſelves about the abſurd conſequences which 
flow from 1 it, I” 


May 30th, 1761. 


LETTER XVIII. 


Hulda, 22 the N. ature of Colours. 


"AM under the neceſſity of acknowledging, that 


the ideas reſpecting colour, which I have al- 


ready taken the liberty to ſuggeſt *, come far ſhort. 
of that degree of evidence to which I could have 
wiſhed to carry them. This ſubject has hitherto 
proved a ſtumbling· block to philoſophers, and 5 
muſt not flatter myſelf with the belief that I am 
able to clear it of every difficulty. 1 hope, at the 
ſame time, that the elucidations which I am going 
to ſubmit to your examination, may go far toward 5 


5 removing a conſiderable part of them. 


The ancient patloſophers ranked colours among 


* Vol. 'Z Letters XXVIL XXVII. and XXXI. 
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the bodies of which we know only the names. 
When they were aſked, for example, why ſuch a 


body was red, they anſwered, it was in virtue of a 
quality which made it appear red. You muſt be 


ſenſible that ſuch an anſwer conveys no informa- 


tion, and that it would have been quite as much to 


the purpoſe to confeſs i ignorance. 


Deſcartes, who firſt had the courage t to plunge 


. into the myſteries of nature, aſcribes colours to a 
certain mixture of light and ſhade, which laſt being 8 


nothing elſe but a want of light, as it is always 


found where the light does not penetrate, muſt be 
incapable of producing the different colours we ob- 


ſerve. = 
| Having remarked that the ſenſations of the organ 


: of ſight are produced by the rays which ſtrike that 
& organ, it neceſſarily follows, that thoſe which excite 
in it the ſenſation of red, muſt be of quite a different 
nature from thoſe which produce the ſenſation of 
the other colours; hence it is eaſily comprehended 
that each colour is attached to a certain quality of 
the rays which ſtrike the organ of viſion. A body - 
appears to us red, when the rays which it emits are 
of a nature to excite in our eyes che ſenſation of 


that colour. 
The whole, then, reſults | in an enquiry into the 


difference of the rays which variety of colours pro- 
duces. This difference muſt be great, to produce 
ſo many particular ſenſations in our eyes. But 
wherein can it conſiſt? This is the great queſtion, 


toward 


0 
toward the ſolution of which our Ir prefent reſearch 


is directed. 
The firſt difference between rays which preſents 


A GERMAN PRINCESS, 


itſelf is, that ſome are ſtronger than others. It can- 
not be doubted that thoſe of the ſun, or of any 


other body very brilliant, or very powerfully illu- 


minated, muſt be much ſtronger than thoſe of a 
. body feebly illuminated, or endowed with a fender = 
degree of light; our eyes are aſſuredly ſtruck in a 
Ye; different manner by the one and by the 


"Hence i it might be fed. that different Gen 
reſult from the force of the. rays of light; ſo that 
the moſt powerful rays ſhould produce, for exam- 

ple, red; thoſe which are leſs to, yellow; and in 


: progreſſion, green, and blue. 


But there is nothing more eaſy than to overturn : 
this ſyſtem, as we know from experience that the 
ſame body always appears to be of the ſame co- 
lour, be 1t leſs or more illuminated, or whether its 
rays be ſtrong | or feeble. A red body, for example, 
appears equally red, expoſed to the brighteſt luſtre . 
of the ſun, and in the ſhade, where the rays are ex- 
= tremely faint. We muſt not then look for the 
| cauſe of the difference of colour i in the different de- 


| grees of the force of rays of light, it being poſſible 
to repreſent the ſame colour as well by very forci- 


ble as by very faint rays. The feebleſt glimmering 


| ſerves equally well to diſcover to us difference of 
: Colours, as the brighteſt effulgence. - 
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It is abſolutely neceſſary, therefore, that there 
| ſhould be another difference of rays diſcovered, 
which may characterize their nature relatively to 
the different colours. You will undoubtedly con- 
clude, that in order to diſcover this difference, we 
muſt be better acquainted with the nature of lumi- 
nous rays; in other words, we muſt know what i it 


is that, reaching our eyes, renders bodies viſible: 
this definition of a ray muſt be the juſteſt, as in 


effect it is nothing elſe but that which enters into 5 


the eye by the pupil, and excites the ſenſation | in 
it. 
I have indy form you, our here 6 are ty 
two ſyſtems or theories which pretend to explain : 
the origin and nature of rays of light. The one is 
that of Newton, who conſiders them as emanations 
Proceeding from the ſun and other luminous bo- 
dies; and the other, that which I have endeavoured 
to demonſtrate, and of which I have the reputation 
of being the author, though others have had nearly 
the ſame ideas of it. Perhaps I may have ſucceed- 
ed better than they, in carrying it to a higher de- 
gree of evidence. It will be of 1 importance, then, 


to ſhew, in both ſyſtems, on what princieer the: dit- - 


ference of colours may be eſtabliſhed. 
In that of emanation, which ſuppoſes the rays to 
iſſue from luminous bodies, in the form of rivers, 
or rather of fountains, ſpouting out a fluid in all di- 
rections, it is alleged that the particles of light 
= differ 1 in ſize or in ſubſtance, as a fountain might 


emit 


— 
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emit wine, oil, and other liquids ; fo that the dif- 
| ferent colours are occaſioned by the diverſity of the 

ſubtile matter which emanates from luminous bo- 
dies. Red would be, accordingly, a ſubtile matter 
iſſuing from the luminous body, and ſo of yellow 
and the other colours. This explication would 
exhibit clearly enough the origin of the different 
colours, if the ſyſtem itſelf had a ſold foundation. 
I ſhall enter into the ſubject 1 more at __ in my 

next letter. 


15 24 June, 1761. | 
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LETTER XIX. 


Ehen. on the Hal * bereen 0 2 ard 
8 a 


yo U will be plealed to 9 the nn . 
* offered to the ſyſtem of the emanation of 
light 5 They appear to me ſo powerful, as com- 
5 pletely to overturn that ſyſtem. I have accordingly _ 
ſucceeded in my endeavours to convince certain 
natural philoſophers of diſtinction, and they have 
embraced my ſentiments of the ſubject with ex- 
= of ſingular ſatisfaction. 7 
Rays of light, then, are not an emanation from 


* vol. I. | Letters XVII, a XVIII, a 
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the ſun and other luminous bodies, and conſiſt not 


of a ſubtile matter emitted forcibly by the ſun, and 
tranſmitted to us with a rapidity which may well 
All you with aſtoniſhment. If the rays employed 
only eight minutes in their courſe from the ſun to 
us, the torrent would be terrible, and the maſs of 
that luminary, however vaſt, muſt ſpeedily be ex- 


: hauſted. 


According to my ſyſtem, the rays of the ſun, of 


which we have a ſenſible perception, do not pro- 
ceed immediately from that luminary; they are 
only particles of ether floating around us, to which 
the ſun communicates nearer and nearer a motion 
of vibration, and conſequently they do not wy . 
change their place i in this motion. 


* bis propagation of light is performed i in a man- 


ner ſimilar to that of ſound. A bell, whoſe ſound. 
you hear, by no means emits the particles which 
enter your ears. You have only to touch it w hen 
ſtruck, to be aſſured that all its parts are in a very 
ſenſible agitation. 


This agitation immediately 
communicates itſelf to the more remote particles of 


air, fo that all receive from it ſucceſſively a ſimilar 3 
motion of vibration, which, reaching the ear, excite 
in it the ſenſation of ſound. The ſtrings of a mu- 
ical inftrument put the matter beyond all doubt; 
you ſee them tremble, go and come. It is even 
poſſible to determine by calculation how often in a 
ſecond each ſtring vibrates; and this agitation, be- 
ing communicated to the particles of air adjacent 


to 
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to the organ of hearing, the ear is ſtruck by it pre- 
ciſely as often in a ſecond. 


ture of ſound. The greater the number of vibra- 
tions, produced by the ſtring in a ſecond, the higher 
or ſharper is the ſound. Vibrations leſs frequent 
produce lower notes. 


We find the circumſtances, which accompany the 
ſenſation of hearing, in a manner e analo- 


Sous, in that of ſight. 5 F 
The medium only, and the rapidity of the Wen 


tions differ. In ſound, it is the air through which 
the vibrations of ſonorous bodies are tranſmitted, 
_ But with reſpect to light, it is the ether, or that 
medium incomparably more ſubtile and more elaſtic T 
5 than air, which is univerſally diffuſed wherever the - 


air and groſſer bodies leave interſtices. 


As often then as this ether is put into A ſtate of 
vibration, and is tranſmitted to the eye, it excites in 


ir the ſentiment of viſion, which is, in that caſe, 
nothing but a ſimilar tremulous motion, whereby 


:- We ſmall nervous fibres at the bottom of the 7e are 


agitated. 


You eaſily comprehend, that the e a OE, 
be different, according as this tremulous agitation is 
more or leſs frequent; or according as the number 
of vibrations performed in a ſecond is greater or 
leſs. Hence there muſt reſult 4 1 ſimilar 
to that which takes place in ſounds, when the vi- 
brations are more or lets frequent. 21 his difference 
7 "13: 


It is the perception of 
this tremulous agitation which conſtitutes the na- 
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is clearly perceptible by the ear, as the character of 
ſounds in reſpect of flat and ſharp depends on it. 
You will recollect that the note marked C in the 
harpſicord performs about 1c vibrations in a ſe- 
cond; note D 112; note E 125; note F 133; 
note G 150; note A 166; note B 1873 and note 
C 200. Thus the nature of ſounds depends on 
che number of vibrations performed 1 in a ſecond. 
It cannot be doubted that the ſenſe of ſeeing may 
= be likewiſe differently affected according as the num- 
ber of vibrations of the nervous fibres of the bottom 
of the eye is greater or leſs. When theſe fibres 
vibrate 1000 times in a ſecond, the ſenſation muſt 1 8 
be quite different from what it would be, did they 
| vibrate * 200 or 1500 times in the ſame ſpace. ES 
Un it iy: that the organ of viſion is not in 4 
7 condition to reckon Bomber ſo great, ſtill leſs than 
the e ear is to reckon the vibrations which conſtitute 
ſound; but it is always in our power to diſtinguiſh 
between the greater and the leſs. 
In this difference, therefore, we muſt look for 
| the cauſe of difference of colour; and i it is certain 


that each of them correſponds to a certain number Toe, 


of vibrations, by which the fibres of our eyes are 
ſtruck in a ſecond, though we are not as yet in a 
condition to determine the number correſponding 
to each particular colour, as WE can do with relpoit 5 
to ſounds. — — 
Much reſearch BI have hin employed * 
it was Poſſib le to aſcertain the numbers correſpond- — 


— 
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ing to all the notes of the harpſicord, though there 
was an antecedent conviction that their difference 
was founded on the diverſity of tohſe numbers. Our 
knowledge reſpecting theſe objects is nevertheleſs 
| conſiderably advanced, from our being aſſured that 
there prevails a harmony ſo delightful between the 
different notes of the harpſicord and the different 
colours ; ; and that the circumſtances of the one ſerve 


| to elucidate thoſe of the other. This analogy ac- 0 


cordingly furniſhes the moſt convincing proofs in 


ſupport. of my ſyſtem. But I have reaſons ſtill 
more ſolid to adduce, which will ſecure It; from 7 
every attack. 


: . ; 


LETTER xx. 


Continuation. = 


CY OTHING is more adapred. to the commu- 
nication of knowledge reſpecting the nature 


of viſion, than the analogy diſtoverable, almoſt 1 in — 


Every particular, between it and the hearing. Co- 
lours are to the eye what ſounds are to the ear. 
They differ from each other as flat and ſharp notes 
differ. Now we know that flat and ſharp in ſounds 
depends on the number of vibrations whereby the 
organ of hearing is ſtruck in a given time, and that 
the nature of each is determined by a certain number 
which 
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which marks the vibrations performed in a ſecond. 
From this I conclude, that each colour is likewiſe re- 
ftricted to a number of vibrations which act on vi- 
fon ; with this difference, that the vibrations which 
{ produce ſound reſide in groſs air, whereas thoſe of 
1 Hs)ght and colours are tranſmitted through a medium 
=  - incomparably more ſubtile and elaſtic. The fame 
thing holds as to the objects of both ſenſes. Thoſe 
. bearing are all of them bodies adapted to the 
i tranſmiſſion of ſound, that is ſuſceptible of a motion 
„ -- Of. vabeation,. or of a tremulous agitation, : which, 
communicating itſelf to the air, excites in the organ 
RH the ſenſation of a found correſponding to the rapi- 
= dity of the vibrations. . 
it Such arc all muſical inftruments; and, to con- 
=_ - ins myſelf Frincipally to the harpſicord, we aſcribe 
1 do each ſtring a certain ſound which it produces 
al when ſtruck. Thus one ſtring 1 is named C, another 
—_ D, and ſo on. A ſtring is named C, when its 
Il  ftructure and tenſion are ſuch, that being ftruck, it 
—_ produces about 100 vibrations in a ſecond; and if 
it produced leſs or more in the ſame time, it would 
__ have the name of a different note, higher or 
—_—_ lower. - - 
= Lou will pleaſe to recolle&, that the 3 of . 
5 ſtring g depends on three things, its length, its thick- 
a and the degree of tenſion; the more it is 
ſtretched, the Shams its ſound becomes: and as 
il if 7 long as it preſerves the ſame diſpoſition, it emits 
ii . the ſame ſound; but that changes as ſoon as the 
18 Other undergocs any variation. 
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In us apply this to bodies which are the objects 


the tiſſue of their ſurface, may be conſidered as 


with a certain degree of elaſticity and bulk, ſo that 


being ſtruck they acquire a motion of vibration, of 


which they will finiſh a certain number in a ſecond: 
and on this number depends the colour which we 


| aſcribe to ſuch body. It is red, when the particles 
of its ſurface have ſuch a degree of tenſion, that be- 
ing agitated, they perform precifely ſo many vibra- 
tions in a ſecond as are neceſſary to excite in us the 
| ſenſation of that colour. A degree of tenſion which 
would produce vibrations more or leſs rapid, would 
_ excite that of a different colour, and then che body | 
would be yellow, green, or blue, cc. 
We have not as yet acquired the ability of af- 
figning to each colour the number of vibrations 
which conſtitute its effence ; we do not fo much as 
know which are the colours that require a greater 
I or leſs rapidity. of vibration, or rather, it is not yet. 
nined what colours correſpond with high or 


: low notes. It is ſufficient to know, that each co- 


lour is attached to a certain number of vibrations, 
though it has not hitherto been aſcertained ; and 
that you have only to change the tenſion or claſti- 


city of the particles which form the ſurface o* 4 
body, to make it change colour. Vf 


We ſee that, the moſt beautiful e porn in n flowers 
auickhy change and diſappear, from a failure of the 
Vor-. II. . 8 nutritive 


of viſion. The minuter particles which compoſe 


ſtrings diſtended, in as much as they are endowed 
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nutritive juices: and becauſe their particles Joſe 


their vigour or their tenſion. This too is obſery- 
able in every other change of colour. 


To place this in a carer light, let us fappele 


gat the ſenſation of red requires ſuch a rapidity of 
vibration, that 1000 are performed in a fecond; 

| that orange require 1125, yellow 1250, green 133 „ 
blue 1 500, and violet 1666. Though theſe num- 
bers are only ſuppoſed, this affects not the object I 
have in view, What I fay as to theſe numbers, 
will apply in Ike manner to the really correſpond- 
ing numbers, if ever they are diſcovered. 


"I body, then, will be red, when the particles of 1 


its ſurface put in vibration, complete 1000 in a ſe- 
cond; another body will be orange, when diſpoſed 
ſo as to complete 1125 in a ſecond, and ſo on. 
8 Hence it is obvious that there muſt be an endleſs 
variety of intermediate colours, between the ſix 
principal which I have mentioned; and it is like- 5 
wiſe evident, if the particles of a body being agi- 
tated ſhould perform 1400 vibrations in a und, it 
would be of an intermediate colour between geen 
and blue 30 green correſponding t to — 1 33d ; 
and blue to 1500. : = 


9h Fore, 1761. 
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LETTER XXI. 
How Payee Bodies are rendered vifible, 5 
7 0 U will find no difficulty in the definition t 


Ertel of their ſurface are always endowed with 
a certain degree of elaſticity, which renders them 


ſuſceptible of a motion of vibration, as a ſtring 1 * 
always ſuſceptible of a certain ſound; and it is the 


number of vibrations which theſe particles are ca- 


pable of making in a ſecond, which determines the — 


| ſpecies of colour. 


If the particles of the ſurface have not | elafticiry 
ſufficient to admit of ſuch agitation, the body muſt 
be black, this colour being nothing elſe but a de- 
pPrivation of light, and all bodies from which no 

rays arc tranſmitted to our eyes appearing black. 


I now come to a very important queſtion, re- 


ſpecting which ſome doubts may be entertained. 5 8 
It may be aſked, What is the cauſe of the motion = 
of vibration Which conſtitutes the colours of bo- 


dies! £ 


Fhich we call rays, from which viſion proceeds. 


6G: EE 1 remark, 


have been giving of coloured bodies. The 
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Into the diſcovery of this adend the whole ! is re. 
ſolved ; for as ſoon as the particles of bodies ſhall 

be put in motion, the ether diffuſed through =. 

air will immediately receive a ſimilar agitation, _ 
which, continued to our eyes, conſtitutes there that 
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not put in motion by an internal, but an external 
power, juſt as a ſtring diftended would remain for 
ever at reſt, were it not put in motion by ſme ex 
ternal force. Sueh is the caſe of all borttes in the 
dark; for, as we ſee them not, it is a certain proof 
that they emit no rays, and that their particles are 


LETTERS 10 
[ remark, firſt, that the particles of bodies are 


at reſt. In other words, during the night, bodies. 


are in the ſame ftate with the ſtrings of an inſtru- 

ment that i is not touched, and which emit no ound; 
5 whereas bodies rendered viſible may be compared 5 

to ſtrings which emit ſound. = Ig 
And as bodies become viſibſe as s ſoon as they are 
l ilkiminated, that is as ſoon as the rays of the fun, 
or of ſome other luminous body, fall upon them, it 
muſt follow, that the ſame cauſe which ifluminates 
them, muſt excite their particles to generate rays, 
and to produce i in our eyes the ſenſation of viſion, 
The rays of light, then, falling 1 upon a body, Fut its 


particles into a ſtate of vibration. 


This appears at firſt ſurprizing, becauſe on ex. 


poling our hands to the ſtrongeſt light, no ſenſible = 

impreflion | is made on them. It is to be conſidered, 5 
that the ſenſe of touch is in us too groſs to perceive 7 5 

theſe ſubtile and ſlight impreſſions, but that the 

ſenſe of ſicht, incomparably more delicate, i 1s pow- ; 

| erfully affected by them; this furniſhes an incon- 

= teſtable proof that the rays of light which fall upon 

4a body poſſeſs ſufficient force to act upon the mi- 
nuter Particles, and to communicate to them a tre. 
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mulous agitation. And in this preciſely conſiſts 
the action neceſſary to explain how bodies, when 
illuminated, are put in a condition themſelves to 


produce rays, by means of which they become viſi- 
ble to us. It vs ſufficient that bodies ſhould be 


luminous or expoſed to the light, in order to the 
agitation of their particles, and thereby to their 


producing themſelves rays which render them viſt 


ble to us. 


The perfect analogy beret Wend od ſighs 
gives to this explanation the higheſt degree of pro- 
bability. Let a harpſicord be expoſed to a great 
ndiſe, and you will ſee that not only the firings 3 in 
general are put into a ſtate of vibration, but you will 
hear the ſound of each, almoſt as if it were actually 
touched. The mechaniſm of this phenomenon is 
_ eaſily comprehended, as ſoon as it is known that a 
firing agitated is capable of communicating to the 
air the ſame motion of vibration which, tranſmitted 
to the ear, excites in it the ſenſation of the ſound 
5 which that ſame ſtring emits. . 
Neͤ as a ſtring produces in the air ſuch e 2 mo- 
. tion, it follows, that the air reciprocally acts on the 
ſtring, and gives it a tremulous motion. And as a 
noiſe is capable of putting in motion the ſtrings of 


à harpſicord, and of extracting ſounds from Ne 
che ſame vo muſt take place in the objects of 
Tien. 9 

|. Coloured bodies are 6 rn to the ſtrings 58 
: tarplcond, and the different colours to the different 

I Fo | notes, 
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notes, in reſpect of high and low. 
falls on theſe bodies, being analogous to the noiſe to 
which the harpſicord is expoſed, acts on the parti- 
cles of their ſurface, as that noiſe acts on the ſtri ings 
of the harpſicord, and theſe particles thus put in vi- 


bration, will produce the rays which mall render the 
; body viſible. 
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The light which 


This elucidation ſeems to me ſufficient to difipate = 


every doubt relating to my theory of colours. I 
| flatter myſelf at leaft, that I have eſtabliſhed the 
true principle of all colours, as well as explained 
how they become viſible to us only by the light 
| whereby bodies are illuminated, unleſs ſuch doubts 
turn upon ſome ocher point which T have not | 
: touched upon. 


130 5 Tune, 1761. > 


7 be Winders * the Human Vai ice. 


TN e the theory of its I conklend 
only two reſpects in which ſounds could differ: 


the one regarded the force of ſound, and I remarked 
that it is greater in proportion as the vibrations ex- 


cited in the air are more violent. Thus the noiſe 


of a diſcharge of cannon, or the ringing. of a bell 


VVV 
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has more force than chat of a ling. or of the hu- 


man voice. 


The other difference of ſounds | 15 rotally inde⸗ 


pendent of this, and refers to flat and ſharp, ac- 


carding to which we ſay ſome are low and others 
high. My remark. relatively to this difference, 
made it to depend on the number of vibrations 
: completed i in a certain given time, ſay a ſecond; o 


that the greater ſuch vutuber is, the higher or 


ſharper i is "the ſound, and the ſmaller 1 it is, the ſound 


is lower or flatter. 


| You can eaſily comprehend how the fame note 
5 may be either ſtrong or faint; accordingly we ſee 
that the fort? and piano employed by muſicians, 
change in no reſpect the nature of ſounds. Among 
the good qualities of a harpſicord, it is required chat 
all the notes ſhould have nearly the ſame degree of 
ſtrength, and it is always conſidered as a great fault 
when ſome of the ſtrings are wound up to a greater . 
degree of force than the reſt. Now che flat and the _ 
ſharp are referable on] y to the ſimple ſounds, whoſe 8 


| vibrations follow regularly, and at equal intervals; 


1 and, in muſic, we employ only thoſe ſounds which 
are denominated ſimple. Accords are compound 
ſounds, or the concourſe of ſeveral produced "RR 
once, among the vibrations of which a ceitain order 

muſt predominate, which i is the foundation of har- 

5 mony. But when no relation among the vibrations 

- perceptible, i it is a confuſed noiſe, with which it is 

G 4 N impoſſible | 
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impoſſible to ſay what note of the harpſicord is in 
rune, ſuch as the report of a cannon or muſket, 
There is. {till another remarkable difference 
among the ſimple ſounds, which ſeems to have 
eſcaped the attention of philoſophers. Two ſounds 
may be of equal force, and in accord with the ſame 
note of the harpſicord, and yet very different to 

the ear, The ſound of a flute is totally different 
from that of the French-horn, though both may be 

in tune with the ſame note of the harplicord, and 
equally ſtrong ; each ſound derives 2 certain pecu- 
liarity from the inſtrument which emits jt, but i it is 
impoſſible to deſcribe wherein this conſiſts; the 
ſame ſtring too emits different ſounds according as 
a. ruck, touched or pinched. Tou can eaſily 
diſtinguiſh the ſound of the horn, the ure, and 
| other muſical inſtruments. | 5 
The moſt wonderful diverſity, to fog nothing o 
the variety of articulation in ſpeech, is obſeryable in 
the human voice, that aſtoniſhing maſter· piece of 
the Creator. Reflect but ſor a moment on the 
different vowels which the mouth ſimply pro- 
nounces or ſings. When the vowel a is pronounced 
or fung, the ſound is quite different from that of 
om FA 0, 1, or ai pronounced or ſung, though on the = 
fame tone. We muſt not, then, look for the rea- 
ſon of this difference | in the rapidity or order of the 
vibrations; no inveſtigation of Philoſophers has hi- : 
hene unfolded this myſtery. 
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Lou muſt be perfectly ſenſible, that in order to 
utter theſe different vowels, a diſſerent conformation 
muſt be given to the cavity of the mouth, and that 
in man the organization of this part is much better 
adapted to produce theſe effects, than that of ani- 
mals. We find accordingly, that certain birds 
which learn to imitate the human voice, are never 
capable of diſtinctly pronouncing the different = 
vowels; the imitation is, at beſt, 0 im- 
JO 5 ” 
In many organs there is a « fag which bears the 
name of the human voice; z it uſually, however, 
contains only the notes which expreſs the vocal 


ſounds ai or 4e. I have no doubt, that with ſome : 


change it might be poſſible to produce likewiſe the 3 
other vocal ſounds a, e, i, o, u, ou; but even this 
8 would not be ſufficient to imitate a ſingle word of 
the human voice ; how combine enn with the 
conſonants, which are ſo many modifications of the 
vowels? We are ſo conformed, that, however 
common the Practice, it is almoſt impoſſible ww 
trace and explain the real mechaniſm. 
We diſtinctly obſerve three organs employed in 
Do expreſſing the conſonants, the lips, the tongue, and 


” the palate ; but the noſe likewiſe eſſentially n- 


curs. On ſtopping it, we become incapable of 
8 pronouncing the letters m and n; the ſound of 5 
and only is then to be heard. "A ſtriking proof 
of the marvellous ſtructure of our mouth for the 
5 pronunciation of che letters undoubtedly i 15, that all 
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the ſkill of man has not hitherto been capable of 
producing a piece of mechaniſm that could imitate 


it. The ſong has been exactly imitated, but with- 
out any articulation of ſounds, and without diſtinc- 
tion of the different vowels. 


The conſtruction of a machine capable of ex- 


5 preſſing ſounds, with all the articulations, would . 
doubt be a very important. diſcovery. Were it 
poſſible to execute ſuch a piece of mechaniſm, and 
bring it to ſuch perfection, that it could pronounce | 
all words, by means of certain ſtops, like thoſe of 
an organ or harpſicord, every one would be ſur- 
prized, and juſtly, to hear a machine pronounce 
wahole diſcourſes or ſermons together, with the moſt 
graceful accompaniments. Preachers and other 
| orators, whoſe voice is either too weak or diſagree- 
able, might play their ſermons « or orations on ſock. a 
machine, as organiſts do pieces of muſic. The e 
ching does not ſeem to me e impoſſible, 5 


165 = 1761. | 
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| LETTER in. 


4 Summary of the prinpa Phenomena of 
| Lain: e 


poſed to be acquainted with its effects. 


> You muſt undoubtedly have frequently | heard i it” 
25 mentioned in converſation; but I know not whe- - 
ther you have ever witneſſed any of the experi- 
ments. Natural Philoſophers of modern times pro- 

— ſecute the ſtudy of it with ardour, and are almoſt 

every day diſcovering new phenomena, the de- 
5 ſcription. of which would employ many hundreds of 


letters; nay, perhaps, I ſhould never have done. 


And here it is I am embarraſſed. I could not 
bear to think of letting you remain unacquainted 
with a branch of nacural; philoſophy ſo effential; 
but I would willingly fave you the fatigue of wading _ 
through a diffuſe detail of the phenomena, which, 
after all, would not furniſh the neceſſary information. © 
= 1 flatter 


\HE ſubject which * am now going to re- 
LL commend to your attention almoſt terrifies 
me. The variety it pre ſents is immenſe, and the 
8 enumeration of facts ſerves rather to confound than 
to inform. The ſubject I mean is Electricity, 
which, for ſome time paſt, has become an object of 
ſuch 1 importance in phyſics, that every one iS ſup- 5 
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I flatter myſelf, however, that 1 have diſcovered a 


road which will lead fo directly to the object, that 
you ſhall attain a knowledge of it much more per- 


fect than that of moſt natural philoſophers, wo 


devote night and day to the inveſtigation of theſe. 
myſteries of nature. 


Without ſtopping to angle * various ap- 


| pearances and effects of electricity, which would : 
engage me in a long and tedious detail, without ex- 
tending your knowledge of the cauſes which pro- 

duce theſe effects, 1 ſhall purſue quite a different 
courſe, and begin with unfolding the true principle 

_ of nature on which all theſe phenomena are found- 
cd, however various they may appear, and from 
” which they are all eaſily deducible. Co 


It is ſufficient to remark, in general, that electri- 8 


— city is excited by the friction af a glaſs tube. K 
SE thereby becomes electrical: and then it alternately | 
attracts and repels light bodies which are applied to 
it, and on the application of other bodies, ſparks of 


| fire are mutually | extracted, which, increaſed in 


| firength, kindle ſpirits of wine and other combuſtible 
ſubſtances. On touching ſuch tube with the finger, - 
you feel, beſide the ſpark, a puncture which may, 
in certain circumſtance es, be rendered ſo acute as to : 
produce a commotion through the whole body. 


laſtead of a tube of glaſs, we likewiſe employ : 2 


globe of the ſame, which is made to turn round an 
axis, like a turning Wheel. During this motion it 
_ is rubbed with the hand, or with a cuſhion applied 


to 
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To it; then the globe becomes electric, and pro- 


duces the ſame phenomena as the tube. 


Beſides glaſs, reſinous bodies, ſuch as Spaniſh wax 
and ſulphur, likewiſe poſſeſs the property of be- 
coming electric by friction; but certain ſpecies of 
bodies only have this quality, of which glats, lealing- 


wax, and ſulphur, are the principal. 


Wich no effect do other bodies undergo friction; 
no ſign of electricity appears: but on applying them 
to the firſt, when rendered electric, they immediately 

acquire the ſame property. They become electric, 
then, by communication, as the touch, and frequent- Fg 
ly the approximation _ of electric bodies, renders 


them ſuch. 


— bodies, therefore, are diviſible i into two o claſ. 
fs; in the one are included ſuch as become elec- 5 
tric by friction, in the ather thaſe which are rendered 
ſuch by communication, whereas friction produces 
no manner of effect on them. Iti Is very remarkable, 
that bodies of the firſt claſs receive no electricity 
from communication: when you apply to a tube or 
globe of glaſs ſtrongly electrified, other glaſſes, oer 
5 bodies, which friction renders electric, this touch 
. communicates no electricity to them. The diſtinc- : 
tion of theſe two claſſes of bodies is worthy of atten- 
tion, the one claſs being diſpoſed to become ele&ri- 
cal by friction only, and not by communication, the 


other, on the contrary, only by communication. 
All metals belong to this laſt claſs, and the com- 


= munication extends 0 far, that on Preſenting one 
extremity 
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extremity of a wire to an electric body, the other 
extremity becomes ſo likewiſe, be the wire ever ſo 


long; and on applying ſtill another wire to the far- 


| ther extremity of the firſt, the electricity is con- 


veyed through the whole extent of that ſecond 


thread, and thus electricity may be tranſmitted to 
the moſt remote diſtances. 


Water is a ſubſtance which receives Wa 


* 


by communication. Large pools have been elec- 

trified to ſuch a degree, that an application of the 
finger has elicited ſparks, and excited pain. 
I be prevailing perſuaſion now is, that lightning : 
and thunder are the effect of the electricity which 

the clouds acquire, from whatever cauſe, A thun- 
der ſtorm exhibits the ſame phenomena of electri- 
City, on the great ſcale, which the experiments of 
natural philoſophers do 1 in miniature. 


Ls Fant, 1761, 
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LETTER XXIV. | 
25 be true Princiol of Nature, on which « are founded al 
the Phenomena of Eleiricity. 2D 


HE DONE I have exhibited of the prin- = 
: .cipal phenomena of electricity, has no doubt 
N a curioſity to know what occult powers of 
nature are Lo anna of producing elfects ſo ſur- 8 
Prizing. . 
The greateſt part of natural philoſophers ac- 
knowledge their ignorance in this reſpect. They 
appear to be ſo dazzled by the endleſs variety of 
phenomena which every day preſent themſelves, 
and by the ſingularly marvellous circumſtances 
which accompany theſe phenomena, that they are 
diſcouraged from attempting an inveſtigation of the 
true cauſe of them. They readily admit the exiſt- 
ence of a ſubtile matter, which is the primary agent 
in the production of the phenomena, and which they | 


denominate the electric fluid; but they are ſo em- 5 


barraſſed about determining its nature and proper- 
ties, that this important branch of phyſics i is rendered 


85 only more perplexed by their reſearches. N ES 
Th here is no room to doubt, that we muſt look 


for the ſource of all the phenomena of electricity 
only in a certain fluid and ſubtile matter; but we 
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have no need to go to the regions of i imagination 
en queſt of it. That ſubtile matter denominated 


_ ether, whoſe reality I have already endeavoured to 
demonſtrate “, is ſufficient very naturally to explain 
all the ſurpriſing effects which electricity preſents. 
1 hope I fhall be able to ſet this in ſo clear a light; 
that you ſhall be able to account for every electrical 


phenomenon, however . an Appearance: it may 


aſſume. 


The great requiſi te is to have a thorough Know- 


ledge of the nature of ether. The air which we 
breathe riſes only to a certain height above the furface 

ol the earth; the higher you akend, the more fub- 
tile it becomes, and at laſt it entirely ceaſes. We 
muſt not affirm, that beyond the region of the air 
dſkere is a perfect vacuum, which occupies the im- 
menſe ſpace in which the heavenly bodies revolve. 

The rays of light which are diffufed in all directions 

from theſe heavenly bodies, fufficiently demonftrate 
that thoſe vaſt e are filled with a ſubtile mat- 


| ter. 1 05 


Ff the rays of light a are. emanarions « forcibly p pro- 


” jected from luminous bockes, as ſome philoſophers 
have maintained, it muſt follow, that the whole fpace 
of the heavens is filled with theſe rays, nay that they 


move through it with incredible rapidity. You 


have only to recollect the prodigious velocity with 


ws the rays. of the fun are tranfmittei to us. 


+ vel. L. Teuer XV. Ws 
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On this hypotheſis, not only would there be no va-+ 


cuum, but all ſpace would be filled with a ſubtile 
matter, and that i in a ſtate of conſtant and molt dread- 
ful agitation. 5 


But I think I kw dearly moved, that rays ok 


light are no more emanations projected from lumi- 


nous bodies, than ſound is from ſonorous bodies. It 

is much more certain, that rays of light are nothing 
elſe but a tremulous mation or agitation of a ſubcile 
matter, juſt as ſound conſiſts of- a ſimilar agitation 
excited in the air. And as ſound is produced and 
tranſmitted by the air, light 1 is produced and tranſ- 
mitted by that matter, incomparably more ſubtile, 
denominated ether, which conſequently fills We 1 im- 


menſe ſpace between the heavenly bodies. 


Ether then is a medium proper for the tranſ miſe ; 
fion of rays of light, and this ſame quality puts us in 5 
4 condition to extend our knowledge of its nature 
and properties. We have only to reflect on the 1 
Properties of air, which render it adapted to the re- 
ception and tranſmiſſion of ſound. The principal 
cauſe is its elaſticity or ſpring. You know that 
air has a power of expanding itſelf 1 in all directions, 
5 and that 1 it does expand, the inſtant that obſtacles N 
| removed. The air is never at reſt, but when its Fe 
elaſticity | is every where the fame; whenever it is 
greater in one place than another, the air immediate- 
17 expands. We likewiſe diſcover by experiment, 
- that the more the air 18 compreſſed, the mork i its 
Vor. II. V  claſticiry 
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elaſticity increaſes : hence the force of air-guns, in 
which the air, being very ſtrongly compreſſed, is 
capable of diſcharging the ball with aſtoniſhing ve- 
locity. The contrary takes place when the air is 
rarefied : its elaſticity becomes leſs in proportion 
as it is more rarefied, or diffuſed over a Ar 
| ſpace. — 
On the elaſticity of the air, then, relative to its 
denſity, depends the velocity of ſound, which 
makes a progreſs of about 1000 feet in a ſecond. 
If the elaſticity of the air were increaſed, its denſity 
remaining the fame, the velocity of ſound would 
increaſe: and the fame thing would take place, . 
the air were more rare, or leſs denſe than it is, its 
: elaſticity being the ſame. In general, the more that ; 
any medium, ſimilar to air, is elaſtic, | and che 
ſame time leſs denſe, the more rapidly will: the 5 
- agitations excited in it be tranſmitted. And AS: 
light is tranſmitted ſo many thouſand times more 
rapidly than ſound, it muſt clearly follow, that the 
ether, that medium whoſe agitations | conſtitute 7 
light, is many thouſand | times more elaſtic than ar, 
and, at the ſame time, many thouſand times more 
rare or more ſubtile, both of theſe qualities contri- — 
buting to accelerate the propagation of light. ED 
Such is the reaſon which leads to 3 FOR 
ether | is many thouſand times more elaſtic and more 
| ſubtile than air; its nature being in other reſpects 
 fitnilar to that of air, in as much as it is likewiſe a 
fluid matter, and ſoſceptible of . and of 
| _ rarefaQtion, 
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rarefaction. It is this quality which will conduct 


us to the explanation of all the phenomena of elec- 
tricity. ——_ 


234 June, 1761. 


Continzation. Diferen Nature of Boes  relat Y 
e - 0 2 


be the ſame every where. 


4s ſoon as the ether in one place, ſhall be more 
8 elaſtic than in another, which | is the caſe when it is 
more compreſſed there, it will expand itſelf iato the 
parts adjacent, compreſſing what it finds there, till 
the whole is reduced to the ſame degree of elaſticity. By 
It is then in equilibrio; ; the equilibrium being no- 
| thing elſe but the ſtate of reſt, when the powers 
which have a tendency to diſturb 1 it counterbalance . 


each other. 


When therefore the ether is not in a equilibrio, the 
fame thing mult take place as in air, when its equi- _ 


: librium 3 is diſturbed ; ; it muſt expand itſelf from the 


H: Ae es Place 


T HER being a e matter, 2nd Ale = 
44 to air, but many thouſand times more rare 
and more elaſtic, it cannot be at reſt, unleſs i its elaſ- 

ticity, or the force with which it tends to expand, 
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place where its elaſticity is greater, toward that 
where it is leſs; but conſidering its greater elaſticity 
and ſubtility, this motion mult | be much more rapid 
than that of air. The want of equilibrium in the 
air produces wind, or the motion of that fluid from 
one place to another. There muſt therefore „ 
produced a ſpecies of wind, but incomparably more 
ſubtile, than that of air, when the equilibrium of the 
ether is diſturbed, by which this laſt fluid will paſs 
from places where it was more compreſſed and more 
; elaſtic, to thoſe where it was leſs fo. 5 
- + This being laid down, I with confidence affirm, 8 
that all the phenomena of electricity are a natural . 
+ conſequence of want of equilibrium i in the ether, Do 
that wherever the equilibrium of the ether is dif- 
turbed, the phenomena of electricity muſt take 
; place conſequently, electricity i is nothing elſe but 
a derangement of the equilibrium of the ether. „ 
In order to unfold all the effects of electricity, we 
muſt attend to the manner in which ether is blended | 
and inveloped with all the bodies which ſurround us. 
E ther, in theſe lower regions, is to be found only in 
- - rhe Imall interſtices which the particles of che air 
and of other bodies leave unoccupied. Nothing 
can be more natural than that the ether, from its 
extreme ſubtility and elaſticity, ſhould inſinuate itſelf 
into the ſmalleſt pores of bodies, which are imper- 
vious to air, and even into thoſe of the air itſelf. 
Fou will recollect that all bodies, however ſolid 
- 1 may appear, are full of pores; and | many Ex 
; periment : 


A 2 


periments inconteſtably demonſtrate, that theſe in- 
terſtices occupy much more ſpace than the ſolid 
parts; finally, the leſs ponderous a body is, the more 


it muſt be filled with theſe pores, which contain 


ether only. It is clear, therefore, that, though the 
ether be thus diffuſed through the ſmalleſt pores of 


bodies, it muſt however he found 1n very great 


abundance i in the vicinity of the earth. 


You will eaſily comprehend, that the difference 
of theſe pores muſt be very great, both as to mag- 
” nitude and figure, according to the different nature 

ol the bodies, as their diverſity probably depends on 

- diverſity of their pores. There muſt be, therefore, 
undoubtedly, pores more cloſe, and which have leſs 
communication with others; ſo that the ether which 

. they contain is likewiſe more confined, and cannot 
diſengage itſelf but with great difficulty, though its 
0 claſticiry may be much greater than that of the ether 
which is lodged in the adjoining pores. There 
muſt be, on the contrary, pores abundantly open, 
and of eaſy communication with the adjacent pores; 
in this caſe it is evident, that the ether lodged in 

them can with leſs difficulty diſengage irſelf than W 

the preceding and if it is more or leſs elaſtic in 
theſe than in the others, 1 it will ſoon r recover its s equi- 


* 


librium. : 


In order to diflingaith 1 two claſſts of pores. SY 
1 ſhall denominate the firſt cloſe, and the others open. 
Moſt bodies muſt contain pores of an inter mediate 

: 55 Bo. N ſpecies, 
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ſpecies; which it will be ſufficient to diſticiguiſh by 


the terms more or leſs cle, and more or leſs open. 


This being laid down, I remark, firſt, that if all 


| bodies had pores per fectly cloſe, it would be impoſ- 


fible to change the elaſticity of the air contained in 


them; and even though the ether in ſome of theſe 
pores ſhould have acquired, from whatever cauſe, a 
higher degree of elaſticity than the others, it would 
always remain in that ſtate, and never recover its 
equilibrium, from a total want of communication. 
In this caſe, no change could take place in bodies; 
| all would remain in the ſame ſtare as if the ether 


were in equilibrio, and no phenomenon of electricity : 
” could be produce. . 


This would likewiſe be the caſe if the pores of 


all bodies were perfectly open: for then, though 
| the ether might be more or leſs elaſtic in ſome 
pores than! in others, the equilibrium would be i in- 
ſtantly reſtored, from the entire freedom of commu- 
nication, and chat ſo rapidly, that we ſhould o 
in a condition to remark the ſlighteſt change. For 
; the ſame reaſon, | it would be impoſſible | to diſturb 
the equilibrium of the ether contained in ſuch 
pores; ; as often as the equilibrium might be diſturb- 
ed, it would be as inſtantaneouſly reſtored, and no 
= Ggn of electricity would be diſcoverable. 3 


The pores of all bodies being neither perfectly 


cloſe nor perfectly open, it will always be poſſible 
to o diſturb the equilibrium of the ether which they 


contain — 
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contain: and when this. happens, from whatever 


_ cauſe, the equilibrium cannot fail to re-eſtabliſh it- 
ſelf: but this re-eſtabliſhment will require ſome 
time, and this produces certain phenomena: and 


you will preſently ſee, much to your ſatisfaction, 


that they are preciſely the ſame which electrical ex- 
periments have diſcovered. It Will then appear, 
that the principles on which J am going to eſta- 
bliſn the theory of electricity are extremely ſimple, 


and at the ſame tag abſolutely incontrovertible. 


27th Fane, you 1. 5 


LerrER XXVI. 


On the e ane Subject 


| Hope I "FRO, now furmounted che moſt formi- 


has 


— — - þ OS 5 - 2 " — — . * Pg _ 


4 dable difficulties which preſent themſelves in 
| the theory of electricity. ' You have only to pre- 
ſerve the idea of ether, which I have been explain- 
and which is that extremely ſubtile and elaſtic 
matter diffuſed not only through all the void ſpaces = 
of the univerſe, but through the minuteſt pores of 

all bodies, in which it is ſometimes more and ſome- 5 
times leſs engaged, according as they are more or 
les cloſe. This conſideration conducts us to two =» 
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einde ſpecies of bodies, of which the one has 
pores more cloſe, and the other pores more open. 
Should it happen, therefore, that the ether con- 


tained in the pores of bodies, has not throughout 


the ſame degree af elaſticity, and that it is more or 


leſs compreſied | in ſome than in others, it will make 
an effort to recover its equilibrium; and it is pre- 
Ciſely from this that the phenomena of electricity 
rake their riſe, which, of conſequence, will be varied, 
in proportion as the pores in which the ether is 
lodged are various, and grant it a communication 
more or leſs free with the others. 


This difference in the pores of bodies perfectly 


e correſponds to that which the firſt phenomena of--: 
electricity have made us to remark in them, by 
which ſome ealily become electrical by communi- 
cation, or the proximity of an electrical body, 
whereas others ſcarcely undergo any change. 
: Hence; you will immediately infer. that bodies which 
receive electricity ſo eaſily, by communication 15 
alone, are thoſe whoſe pores are open; and that 
the others which are almoſt inſenſible to electricity, | 
muſt have theirs cloſe, either entirely or to a very 
great „%%% 5 1 * 


/Iri is, then, by the phenomena of electricity them- ; 


ſelves, that we are enabled to conclude what are the 


bodies whoſe pores are cloſe or open. : Reſpecting 


which permit me to ſugg geſt the : following elucida- 


tions. 


Fin 
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Firſt, the air which we breathe has its pores al- 
moſt entirely cloſe ; ſo that the ether which it con- 
rains, cannot diſengage itſelf but with difficulty, and 
muſt find equal difficulty in attempting to penetrate 
1nto it. Thus, though the ether diffuſed through 
the air is not in equilibrio with that which is con- 
_ tained in other bodies, where it is more or leſs com- 
preſſed, the re-eſtabliſhment of its equilibrium is 
not to be produced without extreme difficulty; this 
is to be underſtood of dry air, humidity being of a 
different nature, as I ſhall preſently. remark. 
1 arther, we muſt rank in this claſs of bodies, 
7 with cloſe pores, glaſs, pitch, refs inous bodies, ſealing 
Wax, ſulphur, and particularly Alk. Theſe ſubſtances 
have their pores ſo very cloſe, that it is with Ex- 
treme difficulty the ether can either eſcape from, or 8 
e into, them. 
The other claſs, that of bodies whoſe pores. are 


open, contains, firſt, water and other liquors, whoſe 
nature js totally different from that of air, For 


this reaſon when air becomes humid, It totally 
changes its nature with reſpect to electricity, and 
the ether can enter or eſcape without almoſt any 
difficulty. To this claſs of bodies, with open pores, 
likewiſe muſt be referred thoſe. of animals, and all 
metals. FE 
Other bodies, ſuch as wood, nt: ſorts of 

| ſtones and earths, occupy an intermediate ſtate be 

tween the two principal ſpecies which I have juſt _ 


mentioned, and che ether is capable of entering or 
mo Eſcaping 2 


— 2 ———— — (=. a 
- _— — 5 em => 0 — — — — — 2 — 
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=_ - eſcaping with more or leſs facility, according to the 
nature of each ſpecies. 

After theſe elucidations on the different nature of 
bodies, with reſpect to the ether which they contain, 
you will fee with much ſatisfaction, how all the phe- 
nomena of electricity, which have been conſidered 
as ſo many 3 flow Oy naturally from 
. them. 

Al depends, then, on the ſtate of the ether, mY 
Fuſed or diſperſed through the pores of all bodies, in 
as far as it has not throughout the ſame degree of | 
elaſticity, or as it is more or leſs compreſſed in ſome 
chan in others; for the ether not being then in equi- 
Ubrio, will make an effort to recover it. It will 
endeavour to diſengage itſelf as far as the openneſs 15 
of the pores will permit, from places where it is too 
much compreſſed, to expand itſelf and enter into 
pores where there is leſs compreſſion, till it is 
throughout reduced to the ſame degree of compreſ- 
ſion and elaſticity, and 1 is, of * conſequence, in equili- GE 
brio. 
| Let ! it be remarked, that when the N paſſes 
from a body where it was too much compreſſed, = 
into another where! it is leſs fo, i it meets with great 
bobſtacles in the air which ſeparates the two bodies, 5 
on account of the pores < of this fluid, which are 
almoſt entirely cloſe. It however paſſes through 
the air, as a liquid and extremely ſubtile matter, 
provided its force is not inferior, or the interval 
between he” bodies too great. No! W this paſſage 
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of the ether being very much impeded, and almoſt 
entirely prevented by the pores of the air, the ſame 
thing will happen to it, as to air forced with velo- 
city through ſmall apertures, a hiſſing ſound is 
heard, which proves that this fluid is then put into 
an agitation which produces ſuch ſound, 

It is, therefore, extremely natural, that the ether, 
freed to penetrate through the pores of the air, 


| ſhould likewiſe receive a ſpecies of agitation, You 
vill pleaſe to recollect, that as agitation of the air 


produces ſound, a ſimilar agitation of ether produces 


light. As often, then, as ether eſcapes from one 

body, to enter into another, its paſſage through the 

air muſt be accompanied with light; which appears 
ſometimes under the form of a ſpark, ſometimes - 
. under that of a flaſh of lightning, according as its 


quantity is more or leſs debe 


Here, then, i is the moſt remarkable circumſtance 

T which accompanies moſt electrical phenomena, „ 
plained to a demonſtration, on the principles I have 
laid down. I ſhall now enter into a more particu- LY} 
lar detail, which will furniſh me with a very a agree- 


= able ſubject for ſome following] letters. : 
500 Tune, 1761. | 
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LETTER XXVII. 


Of Poſitive and negative Electricity. E. Plauarion of 
the Phenemenon of Attrafion. 5 


* wil caſily comprehend from what I owe 
above advanced, that a body muſt become 
electrical, whenever the ether contained in its pores 
becomes more or leſs elaſtic than that which is 
lodged in adjacent bodies. This takes place when 


_ a greater quantity of ether is introduced into the 


7 pores of ſuch body, or when part of the ether which 
It contained is forced out. In the former caſe, the 


ether becomes more compreſſed, and conſequently 


more elaſtic; in the other, it becomes rarer, and 
loſes its elaſticity. In both caſes, it is no longer in 
equilibrio with that which! is external; and the of-- 
forts which it makes to recover its equilibrium, 
produce all the phenomena of electricity. „ 
"You ſee then that a body may become electric 


in two different ways, according as the ether con- 
rained in its pores becomes more or leſs elaſtic 
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than that which is external; hence reſult ty: o ſpecies 
of electricity: the one, by which the ether i is ren- 
diered more elaſtic, or more compreſſed, is denomi- | 
rated increaſed or poſitive electricity; the other, in 
Which the ether is leſs elaſtic, or more rarefied, is 
8 denominated 
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denominated diminiſbed or negative electricity. The 
phenomena of both are nearly the ſame; a flight 
; difference _ 1s —— — 1 ſhall men- 
tion. 

Bodies are not naturally electrical, as the elaſti- 
city of the ether has a tendency to maintain it in 
: equilibrio, it muſt always require a violent operation 

to diſturb this equilibrium, and to render bodies 
electrical; and ſuch operations muſt act on bodies 
with cloſe pores, that the equilibrium once deranged 
may not be inftantly reſtored. We accordingly 
find that glaſs, amber, ſealing-wax, or ſulphur, a are 
the bodtes employed to excite electricity. 5 
The eaſieſt operation, and, for ſome time paſt, the 
= moſt univerſally known, is to rub a ſtick of ſealing 
wax, witha piece of woollen cloth, in order to com- 
municate to that wax the power of attracting ſmall 
lips of paper and of other light bodies. Amber, 
by means of friction, produces the ſame phenome- | 
na; and as the ancients gave to this body the name 
of elerum, the power excited by friction obtained, and 
5 preſerves, the name of elefricity : natural philoſo- 
phers of the remoteſt ages having remarked, that 
tis ſubſtance acquired by friction che faculty of 
: attracting light bodies. 
Th effect undoubtedly ariſes from the 8 
ment of the equilibrium of the ether by means of fric- 
tion. I muſt begin therefore, with explaining this well- 
| known experiment. Amber and ſcaling-wax have 
Z their pores abundantly cloſe, and thoſe of wool are 
TI D _ abundantly 
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abundantly open; during the fiction, as pores of 
both the one and the debe compreſs them ſelves, 


and the ether which is contained in them, is reduced 
to a higher degree of elaſticity. According as the 


pores of the wool are ſuſceptible of a compreſſion 


oreater or leſs than thoſe of amber or ſealing-wax, 
it muſt happen, that a portion of ether ſhail paſs 
from the wool into the amber, or reciprocally from 
the amber into the wool. In the former caſe, the 
amber becomes 20ſt tively electric, and! in the other 
5 negatively, and its pores. being cloſe, | it will remain 
in this ſtate for ſome time; whereas the wool, 
though 1 it has undergone A. ſimilar change, will Me” 
featly recover its natural ſtate. 


From the experiments which electric ſealing-wax 


furniſhes, we conclude that its electricity is negative, 
and that a part of its ether has paſſed during the 
friction into the wool. Hence you perceive how __ 
ſtick of ſealing-wax i is, by friction on woollen cloth, ; 
deprived of part of the ether which it contained, and : 
muſt thereby become electric. Let us now ſee 
what effects muſt reſult from this, and how far they A 


= correſpond with obſervation and experience. 5 


Let ABC plate II. hog. 24. + be a ſtick of hae: 
Wax, from which, by friction, part of the ether con- 


5 8 in its pores has been forced out; that which 
remains being leſs compreſſed, will therefore have 
Þ leſs force to expand itſelf, or, in. other words, iI 
o have leſs elaſticity than that contained i in other bodies 
in che circumambient air: but as the pores of air 
| „ N | IT | TT 
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are ſtill cloſer than thoſe of ſealing-Wax, this pre- 


vents the ether contained in the air from paſſing 


into the ſealing-wax, to reſtore the equilibrium; at 


leaſt this will not take place till after a conſiderable 


interval of time. 


Let a ſmall and very light body C, whoſe pores 


.are open, be now preſented to the ſtick of ſealing- 


wax, the ether contained in them, finding a free paſ- 


ſage, becauſe it has more force to expand itſelf than 

is oppoſed to it by the ether ſhut up in the ſtick as 
will ſuddenly eſcape, will force a paſſage for itſelf 
through the air, provided the diſtance is not too 


great, and will enter into the ſealing-wax. This 
paſſage, however, will not be effected without very 


conſiderable difficulty, as the pores of the ſealing- 
Wax have only a very ſmall aperture, and conſe- 
quently it will not be accompanied with a vehemence 
capable of putting the ether in a motion of agitation, 
to excite a ſenſible light. A faint glimmering only 
will be perceptible in the dark, if the dier is 


ſufficiently ſtrong. 


But another phenomenon "ll be obſereabiſe, : 
N is no leſs ſurprizing, the ſmall body C wilt 
ſpring toward the ſealing-wax, as if attracted by it. 
To explain the cauſe of this, you have only to con- 


| ſider, that the ſmall body C, in its natural ſtate, is 


_ equally preſſed on all ſides. by the air which ſur- 8 
rounds it; but as in its preſent ſtate, the ether makes 
its eſcape, and paſſes through the air in tlie direc- 


tion C Cy it is evident, that this laſt fluid will not preſs 
= —. 
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ſo violently on the ſmall body, on this ſide, than on 
any other, and that the preſſure communicated to it 


toward c, will be mote powerful than in any other 


direction, impelling it toward the ſealing-wax as if 
attracted by it. 


Thus are explained, in 4 manner perfectly bwel⸗ 


| ligible, the attractions obſervable in the phenomena 
of electricity. In this experiment, the electricity * 
too feeble to produce more ſurprizing effects. x 


ſhall have the honour of preſenting you with a more 
ample detail in the following letters. 


4b gh, 1761. 


\ LETTER XXVIIL 
On the ſame Subject. 


duch were the faint beginnings of the electrical 
) phenomena; it was not till lately that they 


were carried much farther. At firſt a tube of glaſs 
was employed, ſimilar to that of which barometers 
are made; but of a larger diameter, which was rub- 

bed with the naked hand, or with a piece of wool- 

len cloth, and electrical Phenomena more ſtriking 

| were obſerved. - 


Tou will readily comprehend, that on rubbing "= 
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the compreſſion of the pores of the glaſs, and of the 1 
rubbing body, either from the hand into the glas, | ak 
or from the glaſs into the hand, according as the 
pores of the one or of the other are more ſuſceptible 
of compreſſion in the friction: The ether, after 
this operation, eaſily recovers its equilibrium in the 
hand, becauſe its pores are open; but thoſe of the 
glaſs being abundantly cloſe, this fluid will preſerve 
its ſtate in it, whether the glaſs were ſurcharged or 
exhauſted; and conſequently will be electric, and 
will produce phenomena ſimilar to thoſe of ſealing- 
wax, but undoubtedly much ſtronger, as its electri- 


city is carried to a higher degree, as well from the 14 
greater diameter of the tube, as from che very nature „„ . 1 | 
of glaſs. = — '; 
Experiments g give us reaſon. to conclude, that the 8 k 1 
tube of glaſs becomes, by theſe means, ſurcharged . | |. ! 
with her; whereas ſealing-wax is exhauſted of it; 
| the phenomena however are nearly the ſame. 9 5 1 0 


It muſt be obſerved, that the glaſs tube retains 
Its electricity as long as it is ſurrounded only with 5 | 
air, becauſe the pores of the glaſs and thoſe of the ff 


air, are too cloſe to allow a communication ſuffi- | i. 
ciently free to the ether, and to exhauſt the glaſs of 43.8 


what it has more than in its natural ſtare; ſuperfluity | = 

of ether always increaſing elaſticity. But the air — 
muſt be very dry; for only when in that ſtate are its 

pores ſufficiently cloſe; when it is humid or loaded 

with vapours, experiments do not tucceed, whatever 
= degree of friction vou beſtow on the glass. The 

Vor. II. SOT 555 Teal 
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reaſon is obvious; for water, which renders the air 
humid, having its pores very open, receives every 


inſtant the ſuperfluous ether which was in the glaſs, 
and which of courſe remains in its natural ftate. Ex- 
_ periments ſucceed, then, in only very dry air; let us 
now ſee what phenomena a glaſs tube will, in that 
caſe, produce, (plate II. fig. 25.) after . under- 
gone conſiderable friction. 


It is clear, that on preſenting to it a nan light | 


body C with open pores, ſuch as gold-leaf, the ether 
in the tube more elaſtic at the neareſt parts D, E, 
will not make ineffectual efforts to diſcharge itſelf 


and paſs i into the pores of the body C. II will force 


a path through the air, provided the diſtance be not 
too great; and you will even ſee a light between the ; 
tube and the body occaſioned by the agitation ex- 
Cited in the ether, which paſſes with difficulty from 
the tube into the body. When, inſtead of the body | 
C, the finger is applied to it, you feel a pricking | 
occaſioned by the rapid entrance of the ether; and 
if you expoſe your face to it at ſome diſtance, you 
feel a certain agitation inthe air, excited by the tran= 
fition of the dir. | Theſe circumſtances are like- 
_ wiſe accompanied, ſometimes, with a flight crack- _ 
ing, produced undoubtedly by the agitation of the 
air which the ether traverſes with fuck rapidity. 


1 muſt 1 intreat you to keep in mind, that an agi- 


E ration in the air always produces a ſound, and that 
5 the motion of ether e light; and then the 


explanation 
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Fig. 24. 
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explanation of theſe phenomena will become abun- 
dantly eaſy. 


Let the ſmall light body C, be replaced i in the 
vicinity of our electric tube; as long as the ether is 
eſcaping from the tube, to enter into the pores of the 
body C, the air will be in part expelled from it, and 


conſequently will not preſs ſo ſtrongly on the body, 


on that ſide, as in every other direction; it will hap- | 
pen then, as in the preceding caſe, that the body C 
will be impelled toward the tube, and, being light, 
| will come cloſe up to it. We ſee, then, that this 
apparent attraction equally takes place, whether the 
ether in the tube be too much or too little elaſtic; 
or, whether the electricity of che tube be poſitive or 
negative. In both caſes, the paſſage of the ether 
ſtops the air, and by! its e hinders it from 


acting. 


preſſure. The attraction will j 


234 -- the 


But while he ſmall body: Ci is ping the 
| tube, the paſſage of the ether becomes ſtronger, and 
the body C will ſoon be as much ſurcharged with ether 
as the tube itſelf. Then the action of the ether, 

which ariſes from its elaſticity only, entirely ceaſes, 
and the body C will ſuſtain on all ſides an equal 

aſe, and the body 8 

will remove from the tube, as nothing detains it, 
and its own gravity puts it in motion. Now as 

ſoon as it removes, its pores being open, its ſuper- 
fluous ether preſently eſcapes in the air, and it returns 
to its natural ſtate. The body will then a& as at 
the beginning, and you will ſee it again approach 


— — 


116 LETTERS TO 


the tube, ſo that it will appear alternately attracted 
and repelled by it; and this play will go on till the 
tube has loſt its electricity. For as, on every attrac-. 
tion, it diſcharges ſome portion of its ſuperfluous 
ether, beſides the inſenſible eſcape of part of it in the 
air, the tube will ſoon be re-eſtabliſhed in its na- 
tural ſtate, and in its equilibrium; and this ſo much 
the more ſpeedily as the tube ſhall be ſmall, and 


the body C light: then all the ' phenomena of elec- 
tricity will 6 
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Had tink forgot to 1 3 a moſt ef- 
I fential circumſtance, which accompanies all 
electric bodies, whether poſitively or negatively ſuch, 
and which ſupplies ſome very ſtriking elucidations 
for explaining the phenomena of electricity. | 
Though it be indubitably true that the pores of 
9 air are very cloſe, and ſcarcely permit any commu- 
nication between the ether that they contain, and 
What is in the vicinity, it undergoes however ſome 
change when near to an electric body. = 
Let s firtt conſider an clectric body negatively ſo, . 
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as 2 tick of ſealing-wax A B, ( plate III. fig. 1.) 
which has been deprived by friction of part of the 
ether contained in its pores, ſo that what it now 
contains has leſs elaſticity than that of other bodies, 
and conſequently than that of the air which ſur- 

| rounds the wax. It muſt neceſſarily happen, that 
the ether contained in the particles of the air which 
immediately touch the wax, as at , having greater 


elaſticity, ſhould diſcharge itſelf, 1 in however ſmall a 


degree, into the pores of the wax, and will conſe- 
quently loſe ſomewhat of its elaſticity. In like man- 
ner, the particles of air more remote, ſuppoſe at u, 
will likewiſe ſuffer a portion of their ether to eſcape 
into the nearer at m, and ſo on to a certain diſtance, . 
beyond which the air will no longer undergo any 
change. In this manner, the air round the ſtick of 
wax, to a certain diſtance, will be deprived of part 
of its ether, and become itſelf electric. * 5 
This portion of the air, which thus partakes of ; 
| the electricity of the ſtick of wax, is denominated the 
electric atmoſphere; and you will ſee from the proofs. 
which I have juſt adduced, that every electric body 
muſt be ſurrounded with an atmoſphere. For if 
the body is Poſs tively electric, ſo as to contain a ſu- 
perfluity of ether, it will be more compreſſed i in ſuch 
a body, and conſequently more elaſtic, as is the caſe 
with a tube of glaſs when rubbed ; this ether, more 
5 elaſtic, then diſcharges itſelf, in a ſmall degree, 1 into 
the particles of air which immediately touch it, and 


- thence into particles more remote, to a certain diſ- 


E I tance; 
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tance; this will form another electric atmoſphere 


round the tube, in which the ether will be more 


compreſſed, and conſequently | more elaſtic than 


elſewhere. 


It is evident that this ber which ſurrounds 


ſuch bodies, muſt gradually diminiſh the electricity 
of them, as in the firſt caſe there paſſes almoſt con- 
5 tinually a ſmall portion of ether, from the ſurround- 
ing air, into the electric body, and which, in the 
other caſe, iſſues from the electric body, and paſſes 
into the air. This is likewiſe the reaſon why electric 
bodies at length loſe their electricity; and this ſo 
| much the ſooner, as the pores of the air are more 
open. In a humid air, whoſe pores are very open, 5 
all electricity is almoſt inſtantly extinguiſhed; but 
in very dry air it continues a conſiderable time. 


This electric atmoſphere becomes abundantly ” 


ſenſible, on applying. your face to an electrified 
body; you have a feeling ſimilar to the application - 
of a ſpider's web, occaſioned by the gentle tranſition | 
of the ether from the face i into the electric body, or 
_— reciprocally from this laſt 1 into the face, according 
as it is negative or poſitive, to uſe the common ex- 
- preſſion. 5 


The electric ee ſerves likewiſe more 


clearly to explain that alternate attraction and repul- 
ſion of light bodies placed near to electric bodies, 
which I. mentioned in the preceding letter; in 
which you 1 muſt haye remarked, that the explanation 


of 
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of repulſion, there given, is incomplete; but the elec= . 8 
tric atmoſphere will ſupply the defect. | 
Let AB (plate III. fig. 2.) repreſent an electric | . 
tube of glaſs ſurcharged with ether, and let Cbea | 
ſmall light body, with pores ſufficiently open, in 
its natural ſtate. Let the atmoſphere extend as 
far as the diſtance DE. Now, as the vicinity of 
C contains already an ether more elaſtic, this will 
diſcharge itſelf into the pores of the body C, there 1 
will immediately iſſue from the tube a new ether, 
which will paſs from D into C, and it is the atmo» 
: ſphere chiefly which facilitates this paſſage. For if 
the ether contained 1 in the air had no communication : 
with that in the tube, the corpuſcle C would not 
feel the vicinity of the tube; but while the ether is 
5 paſſing from D to C, the preſſure « of the air between 
C and D will be diminiſhed, and the corpuſcle S 
7 will no longer be preſſed equally in all directions; 
it will therefore be impelled toward D, as if attracted 
by it. Now in proportion as it approaches, it will N 
be likewiſe more and more ſurcharged with ether, „„ 
N and will become electric as the thbe itſelf, and, | 
_ conſequently, the electricity of the tube will no 
- Jonger act upon it. „ ou 
But as now the corpuſcle, being arrived: at D, con- 0 i 
” tains too much ether, and more than the air at E, it "fs 
will have a tendency to eſcape, | in order to make its _- M 
way to E. The atmoſphere, in which the compreſ- 
ſion of the ether continues to diminiſh from D to E 
will facilitate this paſſage, and the ſuperfluous ether 
. . ill 


Ho im TO 
will in effect flow from the corpuſcle toward E. By 
this paſſage, the preſſure of the air on the corpuſcle 
will be ſmaller on that ſide than every where elle, 
and conſequently the corpuſcle will be. carried to- 
ward D, as if the tube repelled 1t. But as ſoon as it 
arrives at E, it diſcharges the ſuperfluous ether, and 
recovers its natural ſtate; it will then be again at- 
_ tracted toward the tube, and, having reached it, will 
be again repelled, for the reaſon which 1 have Juſt 
been explaining. 
It is the electric atmoſphere then, chiefly, which 
produces theſe ſingular phenomena, when we lee 
_ eledrified bodies alternately attract and repel ſmall 
light bodies, ſuch as little ſlips of paper, or particles 
of metal, with which this experiment beſt ſucceeds, 
as the ſubſtances have very open pores. 
Fou will ſee, moreover, that what I have juſt 
now ſaid reſpecting poſitive electricity, muſt equally . 
take place in #7 alive. The tranſition of the ether 
is only reverſed, by which the natural preſſure of 
— the air muſt always be diminiſhed. 
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LETTER XXX. 


Communication of Blefricity to a Bar of Tron, by 
means 8 a Glebe of Gleſs. 


ty to a higher degree of ſtrength. Inſtead of a 


tube, a globe, or round ball of glaſs, has been em- 

| ployed, which is made to turn with oreat velocity 
round an axis, and on applying the hand to it, or a 
cuſhion of ſome matter with open pores, a friction 
is produced, which renders the globe completely 


- electric. 


Figure 4. of plate I. 1 this globe, which 5 

may be made to move round an axis AB, by a 
: mechaniſm ſimilar to that employed by turners. 2 

is the cuſhion ſtrongly applied to the globe, on 
Wjhich it rubs as it turns round. The pores of the 
cuſnhion being, in this friction, compreſſed more than 

\ thoſe of the glaſs, the ether contained in it is expel- 

led, and forced to inſinuate itſelf into the pores of the 
5 glas, where they continue to accumulate, becauſe the 
open pores of the cuſhion are continually ſupplying 
it with more ether, which 1 It is extracting, at leaſt in 

part, from ſurrounding bodies; and how the globe 


may be ſurcharged with ether to a much Ag de- - 
gree 


— —— — 


FTER the experiments made with glaſs 
tubes, we have proceeded to carry electrici- 


— 
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gree than glaſs tubes. The effects of electricity are, 
accordingly, rendered much more conſiderable, but 
of the ſame nature with thoſe which I have de- 
ſcribed, alternately attracting and repelling light 
bodies; and the ſparks which we ſee, on touching the 
electric globe, are much more lively. 
But naturaliſts have not reſted ſatisfied with ſuch 
| experiments, but have employed the electrical 
globe in the diſcovery of phenomena much more 
ſurprizing®. 
_ Having conſtructed the machine for turning the - 
globe round its axis AB, a bar of iron FG is ſuſ- 
pended above, or on one fide of, the globe, and to- 
ward the globe is directed a chain of iron or other 
metal E D, terminating, at D, in metallic filaments 
which touch the globe. It is ſufficient that this 
chain be attached to the bar of iron in any man- 
ner whatever, or but touch it. When the globe i is 
turned round, and, in turning, made to rub on the 
cuſhion at C, in order that the glaſs may become 
555 ſurcharged with ether, which will, conſequently, be 
more elaſtic, it will eaſily paſs from thence i into the 


. filaments D, for, being of metal, their pores are very 


open; and from thence, again, i it will diſcharge itſelf | 

: by. the chain DE, into the bar of iron FG. Thus 

by means of the globe, the ether extracted from the 

_ . cuſhion C, will ſucceſſively accumulate in the bar of 
iron F G, which ken of eee becomes | 


5 . electric. 
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electric, and its electricity increaſes in proportion as 
you continue to turn the globe. 
If this bar had a farther communication with 
other bodies, whoſe pores too are open, it would 


foon diſcharge into them its ſuperfluous ether, and 


thereby loſe its electricity; the ether extracted from 


the cuſhion would be diſperſed over all the bodies 


which had an inter-communication, and its greateſt | 
compreſſion would not be more perceptible. To 
prevent this, which would prove fatal to all the 
phenomena of electricity, the bar muſt, of neceſſity, 
ſupported, or ſuſpended, by props of a ſubſtance 
whoſe pores are very cloſe; ſuch are glaſs, pitch, 
ſulphur, ſealing- wax and ſilk. It would be proper, 


then, to ſupport the bar on props of laſs or pitch; 


or to ſuſpend it by cords of filk. The bar is thus 
ſecured againſt the tranſmiſſion of its accumulated 
ether, as it is ſurrounded on all ſides only by bodies 
with cloſe pores, which grant hardly any admiſſion 
to the ether in the bar. The bar is then ſaid to be 


7 iſolated, that i is, deprived of all contact which could 


communicate, and thereby diminiſh, its electricity. | 
You muſt be ſenſible, however, that it is not poſſible 


: abſolutely to prevent all waſte; for this reaſon the 


electricity of ſuch a bar muſt continually diminiſh, 


| if! it were not kept up by the motion of the globe. 


In this manner electricity may be communicated = 


to a bar of! iron, which never could be done by the 
moſt violent and perſevering friction, becauſe of the 


openneſs of its pores. And, tor the ſame reaſon, 2 


ſuch 
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ſuch a bar rendered electric by communication, pro- 


duces phenomena much more ſurprizing. On pre- 


ſenting to it a finger, or any other part of the body, 
you ſee a very brilliant ſpark dart from it, which, 


entering into the body, excites a pungent, and ſome- 
times, painful ſenſation. I recollect my once having 
preſented to it my head, covered with my peruke and 


hat, and the ſtroke penetrated 1 It lo . that I 
telt the pain next day. 


Theſe ſparks, which eſcape from every part of 


the bar, on preſenting to it a body with open pores, 
ſet on fire, at once, ſpirit of wine, and kill ſmall birds 
whoſe heads are expoſed to them. On plunging 
the end of the chain D E into a baſon filled witn 
+ water, and ſupported by bodies with cloſe pores, 
| ſuch as glaſs, pitch, ſilk, the whole water Fecomes onthe 
| electric and ſome authors aſſure us that they have _ 
ſeen conſiderable lakes electrified i in this manner, ſo 
that, on applying the hand, you might have ſeen 
even very pungent ſparks, emitted from the water, 
: But it appears to me, that the globe muſt be turned 
a very long time indeed, to convey ſuch a portion 
5 of ether, into a maſs of water ſo enormous ; it would 
be likewiſe neceſſary that the bed of the lake, and . 


: every ching! in contact with! it, ſhould have their pores: 
al. 5 


The more open, then, the 1 pores af a body are, 5 


Is the more diſpoſed it is to receive a higher degree 
of electricity, and to produce prodigious „ 
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You muſt admit that all this is perfectly conform- 
able to the principles which at firſt n 


14th Fay, 1761, 


LETTER XXXI. 


Eletiriſation — — and Animals. 


© electricity may be communicated fon 

LI glaſs to a bar of 1 iron, by means of a chain, 

5 which forms that communication, it may likewiſe 
be conveyed into the human body; for the bodies 
of animals have this property in common with me- 

5 tals and water, that their pores are very open; ; but 
the man, who is to be the ſubject of the experiment, 
muſt not be in contact with other bodies whoſe - 

pores are likewiſe open. TD 

PFor this effect, the man is placed on a large 
lump of pitch, or ſeated on a chair ſupported by 

___ glaſs columns, or a chair ſuſpended by cords of 
filk, as all theſe ſubſtances have pores ſufficiently 
cloſe to prevent the eſcape of the ether, with which 

the body of the man becomes ſurcharged by elec- : 
tricity. 

This precaution Is s abſolutely neceſſary, for were 

the man placed on the ground, the pores of which are 


abundantly open, a a8 ſoon as the ether was creed . 
5 into 
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into his body, to a higher degree of compreſſion, it 
would immediately diſcharge itſelf into the earth, 
and we muſt be in a condition to ſurcharge it en- 
tirely with ether, before the man could become 
electric. Now you muſt be ſenſible, that the 
cuſhion by which the globe of glaſs is rubbed, 
could not poſſibly ſupply ſuch a prodigious quan- 
tity of ether, and that were you to extract it even 
cout of the earth itſelf, you could gain no ground, 
for you would juſt take away as much on the one 
hand as you g gave on the other. | : 
Having, then, placed the man, whom you mean 
to eledrify, in the manner which I have indicated, 
| you have only to make him touch, with his hand, the 
globe of glaſs while it turns, and the ether, accumu- 
lated in the globe, will eaſily paſs into the open 
pPores of the hand, and diffuſe itſelf over the whole 
5 body, from whence it cannot fo eaſily eſcape, as : 
| the air, and all the bodies with which he is ſur- 
rounded, have their pores cloſe, Inſtead of touch- 
ing the globe with his hand, it will be ſufficient for 
him to touch the chain, or even the bar, which I 


_ deſcribed i in the preceding letter; but in this caſe, 


; not only the man himſelf muſt be ſurcharged with 8 


I ether, but likewiſe the chain with the bar of iron; ; 


and as this requires a greater quantity of ether, it 

would be neceſſary to labour longer in turning the 
| globe, | IN order to ſupply a len quantity. 
In this manner the man becomes entirely electric, ny 
or, in other words, his whole body will be ſur- 
1 3 — charged 
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A with ether, and this fluid will conſequently 
be found there in the higheſt degree of compreſſion 
and electricity, and will have a violent tendency to 
eſcape. 
You muſt be Dy ſenſible, chat a ſtate ſo 
violent cannot be indifferent to the man. The 
body is, in its minuteſt parts, wholly penetrated 
with ether, and the ſmalleſt fibres, as well as the 
| nerves, are ſo filled with it, that this ether, without 
doubt, pervades the principal ſprings of animal 


and vital motion. It is, accordingly, obſerved, that 85 
whe pulſe of a man electrified beats faſter, he : 


| thrown into a ſweat, and the motion of the more 
ſubtile fluids, with which the body is filled, becomes 5 
more rapid. A certain change i is likewiſe felt over 
the whole body, which it is impoſſible to deſcribe; 
and there is every reaſon to believe, that this ſtate has 
a powerful influence on the health, though ſufficient 
experiments have not yet been made, to aſcertain ! in 
wuhat caſes this influence is ſalutary or otherwiſe. It 
may ſometimes be highly beneficial to have the 
| blood and humours raiſed to a more lively circula- 
tion; ceitain obſtructions, which threaten dangerous 
conſequences, might thereby be prevented; but on 
other occaſions, an agitation too violent might prove 
injurious to health. The ſubject certainly well de- 
ſerves the attention of medical gentlemen. We have 
heard of many ſurprizing cures performed by elec- 
tricity, but we are not yes enabled ſufficiently to 


Win 
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diſtinguiſh the occaſions on which we may promiſe 
ourkives ſucceſs. 

To return to our electrified man; it is very re- 
markable that, in the dark, we ſee him ſurrounded 
with a light, ſimilar to that which painters throw 
round the heads of ſaints. The reaſon is abundantly 
obvious; as there is always eſcaping from the body 
of that man, ſome part of the ether with which he 
is ſurcharged, this fluid meets much reſiſtance from 
the cloſe pores of the air, it is thereby put into a 
certain agitation, which is the origin of light, as x 
have had the honour to demonſtrate. | 
Phenomena of a very ſurprizing nature are re- 
warked, in this ſtate of a man electrified. On touch- 


= ing him, you not only ſee very brilliant ſparks iſſue 


from the part which you touch, but the man feels, 
beſides, a very pungent pain. F arther, if the per- 
ſon who touches him be in his natural ſtate, or not 
electrified, both ſenſibly feel this pain, which might = 
| have fatal conſequences, ef] pecially if he were touched 
in the head, or any other part of the body of acute 
| ſenſibility. You will readily. comprehend, then, 


1 how little 1 indifferent it is to us, that part of the ether Tg 


contained in our body eſcape from it, or that new 
ether is introduced, eſpeci ly : as this 1 'S done with 4 
ſuch amazing rapidity. . 
Moreover, the light, with which we 1 the man 
ſurrounded in the dark; is an admirable confirmation 
gl my remarks reſpecting the electric atmoſphere 
— Which! is diff aſed round all bodies; 5 and you will no 


longer A REES, 
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longer find any difficulty in the moſt part of elec- 

trieal phenomena, however — may, 
at firſt}, appear. 

; _ 1844 July, 1761. 


Ditnive Charadter of the tuo Species of Elericiy. 


"OU. will pleaſs to recolle&, that not only = 
I glaſs becomes electric by friction, but that 
a ſubſtances, ſuch as ſealing-wax and ſulphur, 
have the ſame property, in as much as their pores 
=. likewiſe cloſe, ſo that whether you introduce 
into them an extraordinary quantity of ether, or ex- 
tract a part of it, they continue for ſome time i in D 
; that ſtate, nor is the equilibrium ſo ſoon reſtored. = 
Accordingly, inſtead of a globe of glaſs, globes of 7 
ſealing-wax and ſulphur are employed, which are 
| likewiſe made to revolve round an axis, rubbing at 
the ſame time againſt a cuſhion, i in the ſame manner 
which] deſcribed reſpecting a globe of glaſs. Such 
globes are thus rendered equally electric, and, on 
applying to them a bar of iron which touches them 
only by ſlender filaments or fringes of metal, inca- 
; b of 1 injuring the globe, electricity 1 is immediately 
Vor. II. | K 5 commu- 
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communicated to that bar, from which you may 
afterwards tranſmit it to other bodies at pleaſure. 
| Here, however, a very remarkable difference is 
obſervable. A globe of glaſs rendered electric in 
this manner, becomes ſurcharged with ether, and 
the bar of iron, or other bodies brought into com- 
munication with it, acquire an electricity of the 
ſame nature; or, in other words, the ether con- 
tained is in a ſtate of too great compreſſion, whoſe 
_ elaſticity is increaſed. This electricity is denomi- 
nated / tive or augmented electricity. But when a 
globe of ſealing-wax or ſulphur is treated in the 
ſame manner; an electricity directly oppoſite is the 
_ reſult, which is denominated negative, or diminiſhed 
: electricity, as it is perceived that, by friction, theſe 
globes : are deprived of Part of the ether contained 
n their pores. - Ly + 
Tou will be ſurprized to fee that the fame fric- 
tion is capable of producing effects altogether op- 
polite ; but this depends on the nature of the bodies 
which undergo the friction, whether by communi- 
cating or receiving it, and of the rigidity of their 
et particles which contain the pores. In order to ex- 
plain the poſſibility of this difference, it is evident, 5 
at firſt ſight, that when two bodies are rubbed vio- 
f lently againſt each other, the pores of the one muſt, 
in moſt caſes, undergo a greater compreſſion than 
thoſe of the other, AY that then, the ether con- 


tained 1 in che Pores, Is extruded, and forced to inſi- 
| nuate 
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nuate itſelf into thoſe of the bodies which are leſs 
compreſſed. 

It follows, then, that in this friction of glaſs 


againſt a cuſhion, the pores of the cuſhion undergo 
a greater compreſſion than thoſe of the glaſs, and 
conſequently the ether of the cuſhion muſt paſs 
into the glaſs, and produce in it a poſitive or ine 


Z creaſed electricity, as I have already ſhewed. But 


on ſubſtituting a globe of ſealing-wax or of ſulphur 
in place of the olaſs, theſe b ner being ſuſcep- 
tible of a greater degree of compreſſion. in their 


pores, than the ſubltance of the cuſhion with which 

the friction is performed, a part of the ether con- 

tained in theſe globes will be forced out, and con- 
ſtrained to paſs into the cuſhion; the globe of 

i ſealing- wax or ſulphur will, thereby, be deprived "a. 

part of its ether, and, of courſe, receive a negative 


* diminiſhed electricity. 


1 electricity which a bar of f iron, or of any 

” other metal, receives from communication with a 

globe of ſealing- wax or ſulphur, is of the ſame 
vature; as is wo that which is communicated to a _— 
man placed on a lump of pitch, or ſuſpended by - 

| cords of ſilk. When fuch a man, or any other 

5 body, with open pores, electrified in the ſame 
manner, is touched, nearly the ſame phenomena 


are obſervable, as in the caſe of poſitive electricity. 


The touch is here likewiſe accompanied with a 

ſpark, and a puncture on both ſides. The reaſon 

18 obvious: for the ether which, in chis Cale, eſcapes 5 
5 from 
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from bodies in their natural ſtate, to enter into 
celectrified bodies, being under conſtraint, muſt be 
under an agitation, which, produces light. A ſenſi- 
ble difference. is, however, to be remarked in the. 
figure of the ſpark, according as. the electricity is. 
Poſitive or negative. See that of rose clectri- - 


- city: Plate HI. fig. 5 


If the bar AB Goleſi alin cletriciy, ant. 
the finger C is preſented to it, the light which iſſues 
1 out of che bar appears under the form of rays di- 
verging from the bar toward the finger mn, and 
the luminous point is ſeen, next the fingen. 
But if dhe bar A R (Hate Ii. fg. 6.) is nega- 
_ tively electrie, and the finger C is preſented. to it, 
the luminous rays 1 diverge from the finger, and 
Jou lee. the, luminous point p next the bar, 
This is the principal character by which poſitive 


is diſtinguiſhed from negative electticit From 
whence ſogver the ether eſcapes, the ſparks is emit- 


ted, in the, figure of rays diverging. from that point; 


N When. the ether enters into a body, the _ is 


a luminous point toward ther reci pient body. 
mu Tub, 1761. 2, 1 9 
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LETTER XXXIII. 


How the fame Globe of Glaſs may furniſh, at once, the 
_ — of ne 


-0U will be emblud: to ſee ſtill more clearly 
the difference between poſitive and negative 
cleaicity, after I have explained how it is poſſible 
to produce, by one and the fame globe of glaſs, 

both the ſpecies; and this will ſerve, at the fame 

” time, farther to elucidate theſe wonderful Phenome- 7 

na of nature. 5 

Let AB (plate 2 fig. 1. + be the globe of glaſs, 

turning round its axis C, and rubbed againſt by the 

_ cuſhion D, in an oppoſite direction to which the 
globe is touched by the metallic filaments F, at- 

tached to the bar of iron FG, which is ſuſpended | 
by cords of filk H and I, that it 5 no where 
touch bodies with open pores. 

This being laid down, you know that, by Heron 

againſt the cuſhion D, the ether paſſes. from the 

cuſhion into the glaſs, from which! it becomes more : 


compreſſed, and conſequently more elaſtic: it wilt 
paſs, therefore, from thence, by the metallic fila- 
ments F, into the bar of iron FG: for though the 
pores of glaſs are abundantly cloſe, as the ether in 
_the globe is — accumulating by the fric- 
: 7 tion, 
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tion, it ſoon becomes ſo overcharged, that it eſcapes 
by the metallic filaments, and diſcharges itſelf into 
the bar, by which this laſt becomes — 


0 electric. 


Hence you perceive, that all this Eper) of 
ether is ſupplied by the cuſhion, which would ſpeed- 
ily be exhauſted, unleſs it had a free communica- 
tion with the frame which ſupports the machine, 
and thereby with the whole earth which is every 


inſtant ſupplying the cuſhion with new ether, 1 


that as long as the friction continues, there is a 
quantity ſufficient farther to compreſs that which is 


1 the globe and in the bar. But if the whole Es 


5 machinery 18 made to reſt on pillars of glaſs, as 


M and N, or if it is ſuſpended by cords of filk, that 


the cuſhion may have no communication with bo- 


dies whoſe pores are open, which might ſupply the 
Ty deficiency of ether, it would ſoon be exhauſted, 


and the electricity could not be conveyed into the 
” globe : and the bar, beyond a certain degree, which 
will be ſcarcely perceptible, unleſs the cuſhion be 
of a prodigious ſize, To ſupply this defect, the 
5 cuſhion D is put in communication with a large 
e of metal E, the ether of which is ſufficient to 


ſupply the globe and the bar, and to carry it to 


5 ſuch a high degree of compreſſion. 


You will thus procure to the globe and ta the 
bar a poſitive electricity, as has been already ex- 

rs plained. But in proportion as they become fur- _ 
charged with ether, the cuſhion and the metallic 


maſs 
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maſs E will loſe the ſame quantity, and thereby ac- 
quire a negative electricity: ſo that we have here, 
at once, the two ſpecies of electricity; the poſitive 
in the bar, and the negative in the metallic maſs. 
Each produces its effect conformably to its nature. 
On preſenting a finger to the bar, a ſpark with di- 
vergent rays will iſſue from the bar, and the lumi- 
nous point will be ſeen toward the finger; but if 
you preſent the finger to the metallic maſs, the 

ſpark with divergent. rays will iſſue from the 
finger, and you will fee the luminous point toward 
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the maſs. | 

\ Jt us ſuppoſe two men placed on lumps 97 - jt 
pick, to cut of all communication between them 2 
and bodies with open pores: let the one touch the 77 
bar, and the other the metallic maſs, while the ma- 5 
chine 18 put in motion; it is evident that the former . ; 0 
will become politively electric, or ſurcharged with | 1 
ether, whereas the other, he who touches the me- 15 


tallic maſs, will! acquire a negative e and | 
Joſe his ether. 25 e 
5 Here then are two eie men, but! in a manner ; 
totally different, though rendered ſuch by the ſame 
machine. Both will be ſurrounded by an electric 
atmoſphere, which, in the dark, will appear like the 
light that painters throw about the figures of ſaints. : 
ny he reaſon is, that the ſuperfluous ether of the one 
inſenſibly eſcapes into the circumambient air; and 
khat, with reſpect to the other, the ether contained in 
the air inſenſibly inſinuates itſelf into his body. This 
| f 
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tranſition, though inſenſible, will be accompanied 
with an agitation of ether, which produces light. 
It is evident that theſe two ſpecies of electricity 
are directly oppoſite ; but in order to have a tho- 
rough conviction of it, let theſe two men join hands, 
or only touch each other, and you will ſee very ve⸗ 
hement ſparks iſſue from their bodies, and they 
themſelves will feel very acute pain. 
If they were electrified in the ſame manner, 
which would be the caſe if both touched the bar or 
the metallic maſs, they might ſafely touch each other; 
no ſpark, and no pain, would enſue, becauſe the 
ether contained in both would be in the ſame ſtate ; 
whereas 1 in the caſe laid down, their tate | is directiy 15 
oppoſite. 


23th Tub, 1761. 8 


The Lode Ehe. 


' Now coed to deſcribe a 3 of elec- 


- which | is known by the name of the Leyden experiment, 5 
becauſe Mr. Mouſchenbroeck, profeſſor at Leyden, is 


tte inventor of it. What is moſt aſtoniſhing in 


5 this experiment, is the terrible ſtroke reſulting from 


tricity, which has made a great deal of noiſe, and 
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it, by which ſeveral perſons at once may receive a 


very violent ſhock. 
Let C be a globe of glaſs, turned round by means 


of the handle E, and rubbed by the cuſhion DD, 
which is preſſed upon the globe by the ſpring O. 
At Q are the metallic filaments, which tranſmit the 
nne! into the bar of 1 won F G, by the metallic 


chain P. 


Hitherto there is nothing 4 different from the pro- 
cCebſs already deſcribed. But in order to execute the 
experiment in queſtion, to the bar is attached ano 
ther chain of metal H, one extremity of which I, is 
introduced into a glaſs bottle K K, filled with | 
water; the bottle too is placed in a baſon LL, like- | : 


wiſe filled with water. You plunge, at pleaſure, f into 
the water in the baſon another chain A, one end of 
which drags on the floor. 


Having put the machine in motion for ſome time, 5 
chat the bar may become tufficiently electric, you 
know that if the finger were to be preſented to the 
extremity of the bar at a, the uſual ſtroke of elec- 5 
wag 6 would be felt, from the ſpark iſſuing out . 
But were the ſame perſon, at the ſame time, to 
75 the other hand into the water in the baſon at A, 
or were he but to touch with any part of his body 
the chain plunged 1 in that water, he would receive a 
ſtroke incomparably more violent, by which his 


- whale frame would undergo a ſevere agitation. 


This ſhock: may be communicated to many per- 


bons at once. They have only to Join hands, or to 
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touch each other were it but by the clothes; then 
the firſt puts his hand into the water in the baſon, or 
touches the chain only, one end of which is plunged 
into it, and as ſoon as the laſt perſon applies his 
finger to the bar, you will ſee a ſpark dart from it 
much more vehement than uſual, ard the whole 
Chain of perſons feel, at the ſame inſtant, a very vio- 
lent ſhock over their whole body. | 2 
Such is the famous Leyden experiment, which i is 
45 much the more ſurprizing, that it is difficult to 
; ſee how the bottle, and the water in the baſon, « con- 
tribute to increaſe ſo conſiderably the effect of the 
electricity. To ſolve this difficulty, permit me to : 
make the following reflections. 
While, by the action of the machine, the eber "EH 
compreſſed i in the bar, it paſſes by the chain H into 
the water contained | in the bottle I, and there meet- 
ing body with open pores, the water in the 
bottle will become as much with ether as 
the bar itſelf. e 
i TE 5 
T he bottle, being glaſs, has i its pores doſe; ad 
” therefore permits not the ether, compreſſed within it, 
to pierce through the ſubſtance of the glaſs, to diſ- 
charge itſelf into the water in the baſon; conſe- 
| quently the water in the baſon remains in its natu- 8 
ral ſtate, and will not become electric; or even on 
the ſuppoſition that a little of the ether might force 
its * ——— che Laß, it would preſently be 
loſt 


— 
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Joſt in the baſon and pedeſtal, the pores of which 


are open. 


III. 


Leet us now conſider the caſe of a man with one 

hand in the water in the baſon, or only in contact 
wuoidh the chain A, one extremity of which is immerſ— 
ed in that water; let him preſent the other hand to 


the bar at a, the reſult will be, as the firſt effect, 


that with the ſpark. which iſſues from the bar, the 
ether will make its eſcape with great velocity, and 
meeting every where, in the body of the man, open 


| pores, will without obſtruction be diffuſed over 
; IV: 


155 we ſre only the uſual effect of cledtriciey; 1 
bur while the ether with ſuch rapidity flies over the 
body of the man, it diſcharges itſelf with equal ra- 

pidity, by the other hand, or by the chain A, into 
the water in the baſon; and as it enters this with 
ſuch impetuoſity, i it will eaſily overcome the obſta- 
cle oppoſed by the glaſs, and penetrate into the 


5 water which the bottle contains. 5 
„„ 


Now the water in the bottle containing already 
an ether too much compreſſed; ; it will acquire, from 

this increaſe, new force, and will diffuſe itſelf with 
impetuoſity as well through the chain IH, as 

| through the bar itſelf: it will; of conſequence, make 

Its eſcape thence at a with new efforts; and as this is 

= performed 1 in an inſtant, 1 ic will enter into the finger 

: with 
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q 8 with increaſed force, i diffuſed over the whole | 

i body of the man. m 

| - Paſſing thence a - new into the water in the baſon, 

and penetrating the bottle, it will increaſe till far- 
ther the agitation of the ether compreſſed in the 
water of the bottle, and in the bar; and this will 
continue till the whole is reſtored to equilibrium, 
which will quickly take place, from che ou ewe 
: dity with which the ether acts. 
VII. 5 . 
| The fame ding will happen if you employ ſeveral . 
perſons inſtead of one man. And now, I flatter 
myſelf, you fully comprehend whence ariſes the 
= ſurpriaing increaſe of force in the electricity which 

z produced by this experiment of Mr.  Maouſchen- 

” tree; and which exhibits effects fo prodigious, 
: . In 
1 any doubt could remain reſpecting what I have 
need that the ether compreſſed in the water of 
the bottle could not penetfate through the glaſs, and 
that afterwards I have allowed it a paſſage abun- 

8 dantly free; ſuch doubt will vaniſh when! it is con- 5 
ſidered, that, i in the firſt caſe, every thing is in a ſtate 
of vanquillity, and, in the laſt, the ether is in a ter- 

rible agitation, which muſt vndoubtedly aſſiſt irs I 
RM 2 the cloſeſt FOI: + „„ 
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LETTER XXXV. 


Refleiior ns on the Cauſe at Nature of Elefisi city, and 
on her Means proper fo reduce Ez 


F T E R theſe 8 you can 1 be at no 
185 boſs reſpecting the cauſe of the prodigious 
check obſervable in the phenomena of electricity. 
Moſt authors who have treated the ſubject, per- 
: plex the experiments in ſuch, a manner, that, they. 5 
are rendered abſolutely unintelligible, eſpacially 


when they attempt an explanation. They have 


recourſe to à certain ſubtile matter which they de- 
nominate the electric fluid, and to which they aſcribe 
qualities ſo extravagant that the mind rejects them f 
| with contempt; and they are conſtrained to ag- | 
knowledge, at length, that all thgir efforts are in- 
ſufficient to. furniſh us with a folid knowledge. « of f 
theſe i important phenomena of nature. 
Hut you are enabled to conclude, from the prin- 
ciples which I have unfolded, that bodies evidently. 
become electric, only fo far as the elaſticity, or the, 
ſtate of the compreſſion of the ether in the pores - 
bodies, is not the ſame. as every where elſe; in 
- Other words, when it is more or leſs compreſſed i in 
ſome than in others, For, in that caſe, the prodi- 
gious elaſticity with. which, the ether is endowed, | 
makes =: 
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makes violent efforts to recover its equilibrium, 


and to reſtore every where the ſame degree of elaſ 


| ticity, as far as the nature of the pores, which, in 


different bodies, are more or leſs open, will permit; 


and it is the return to equilibrium which ac 
e, the phenomena of electricity. 


When the ether eſcapes from a body where i it is 


more compreſſed, to diſcharge itſelf into another 
where it is leſs fo, this paſſage i is always obſtructed 
by the cloſe pores of the air; hence it is put into a 5 
certain agitation, or violent motion of vibration, i * 
which, as we have ſeen, light conſiſts; and the 
more violent this motion is, the more brilliant the 
light becomes, till it becomes at length capable . 

ſetting bodies on fire, and of burning tem. 


While the ether penetrates the air with ſo much 


force, the particles of air are likewiſe put into a 
motion of vibration, which occaſions ſound; it is 
5; accordingly obſerved, that the phenomena « of elec- 
tricity are accompanied with a cracking noiſe, 
greater or leſs, SIE! to the diverſity of circum- 
: ſtances. = 0 


And: as the bodies of men a Aan 5 are filled 


with ether! in their minuteſt] pores, and as the action 
” the nerves ſeems to depend on the ether contained 
in them, it is impoſſible. that men and animals 
ſhould be indifferent with reſpect to electricity; and 
when the ether in them is put into a great agitation, 


the effect muſt be very ſenſible, and, according to 


= circumſtances, ſometimes falutary, and ſometimes 


hurtful. 
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hurtful. To this laſt claſs, undoubtedly, muſt be 
referred the terrible ſhocks of the Leyden experi- 


ment; and there is every reaſon to believe that it 
might be carried to a degree of force capable of 
killing men, for, by means of it, many ſmall animals, 


ſuch as mice and birds, have actually bren killed. 


Though friction uſually i is employed in the pro- 


a5 100 of electricity, you will eaſily comprehend, 


that there may be other means beſides this. What- 
ever is capable of carrying the ether contained in 
the pores of a body to a greater or leſs degree of 
compreſſion than ordinary, renders it define; ; and 
ii its pores are cloſe, there the electricity will be of -- 
ſome duration; 3 whereas i in bodies whoſe | pores are 
5 open, it cannot poſſibly ſubſiſt, unleſs ſurrounded = 


. by air, or other bodies with cloſe pores... 


Hence it has been obſerved, that heat frequently 5 
- ſupplies the place of friction. When you heat or 


melt ſealing-wax, or ſulphur, i in a ſpoon, you diſ- 


cover a very ſenſible electricity in theſe ſubſtances, 

after they are cooled. The reaſon is no longer a 
myſtery, as we know that heat enlarges the pores | 
of all bodies, for they occupy a greater ſpace when 


- hot, than when they are cold. 


You know that, in a thermometer, the mercury : 
riſes in heat, and falls in cold; becauſe it occupies a 
greater ſpace when | It 18 hot, and fills the tube more 

than when it is cold. We find, for the ſame reaſon, 
that a bar of 1 iron very hot is always ſomewhat 

longer 29 
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longer than when cold; a property common to > all 
bodies with which we are acquainted. 


When, therefore, we melt, by fire, a maſs a 


ſealing-wax, or ſulphur, their pores are enlarged, 

and probably more open; a greater quantity of 
ether muſt, of courſe, be introduced to fill them. 
When, afterwards, theſe fubſtances are ſuffered to 
cool, the Pores contract and cloſe, ſo that the ether 

in them is reduced to a ſmaller ſpace, and conſe- 
quently carried to a higher degree of compreſſion, 
which increaſes its elaſticity: theſe maſſes will ac- 

auire, therefore, a poſitive electricity, and muſt 
_ conſequently exhibit the effects of it. 


This property of becoming electric by heat is 


remarked in moſt precious ſtones. Nay there'is a 
ſtone found. in Ceylon, named Tourmalin, which, 
rubbed or heated, acquires at once the two ſpecies.of : 
dlectricity. The ether in one part of the ſtone is 
35 expelled, to compreſs more that which is in the 
 Qther part; and: its pores: are too cloſe to permit i 
_ there- cſtabliſhment of the —— 


. Kr, 1761, „„ 5 1 5 
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— 


nomena of T dani, and theſe of . 


object of curioſity and ſpeculation to naturaliſts; 


burt you will preſently ſee, not without ſome degree i 
of ſurprize, that thunder and lightning, as well as 
all the terrible phenomena which accompany them, 
derive their origin from the ſame principle; and 
that in theſe, nature executes, on the great ſcale, 
what naturaliſts do in miniature, 1 9 their experi- : 


ments. 


foundation. 
In truth, every thing nerd on the catjes, 


previous to the knowledge of electricity, was a 
mals of abſurdity, and little calculated to convey 
DT | inftrution 


Vor. IL 


: Nature of Thunder : Explanations of the ancient Phi- 
5 1 gſopbers, and of Deſcartes : Refemblance of the Phe- 


Hare, bicherto, conſidered electricity only as an 


„ Thoſe e who thought they ſaw ſome 
ans between the phenomena of thunder 
and thoſe of electricity, were at firſt conſidered as 
viſionaries; and it was imagined that they made 
uſe of this pretence merely as a cover to their igno- 
rance reſpecting the cauſe of thunder; but you 
| will ſoon be convinced, that every other explanation 
of theſe grand operations of nature is deſtitute of 
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inſtruction reſpecting t the leaſt, Phenomenon of 
thunder. 
Ancient philoſophers attributed the cauſe of it to 
ſulphureous and bituminous vapours, which, aſcend- 
ing from the earth into the air, mixed with the 
clouds, where they caught fire, from ſome unknown : 


N gauſe. 
Doeſcartes, who quickly perceived the inſufficiency 


of this explanation, imagined another cauſe in the 


clouds themſelves, and thought that thunder might 


. be produced by the ſudden fall of more elevated 15 
clouds, on others in a lower region of the air; that 5 


the air, contained in the intermediate ſpace, was 
compreſſed by this fall, to ſuch a degree as was ca- 
pable of exciting a noiſe ſo loud. and even of 55 


Producing lightning and thunder, though it was ; 


impoſſible for him to demonſtrate the rolle 
Si. My = 
But, without Jennie your attention on falſe « ex- 
ee which lead to nothing, I haſten forward 
to inform you, that it has been diſcovered by in- 
conteſtable proofs, that the phenomena of thunder 
are always accompanied by the moſt indubitable ; 
| marks of electricity. „ . 
Let a bar of metal, 3 of i iron, be placed on 2 
Pillar of glaſs, or any other ſubſtance whoſe pores 
are cloſe, that when the bar acquires electricity, t 
may not eſcape, or communicate itſelf to the body 
which ſupports the bar; as ſoon as a thunder- ſtorm 


_ ariſes, and the clouds which contain the thunder : 
come 
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come directly over che bat, you perceive it inita very 


ſtrong electricity, generally far ſurpaſſing that which 


art produces; if you apply. i the hand to it, or any 
other body with open pores, you ſee burſting from 
it, not only a ſpark, but a very bright flaſh, with a 
noiſe fimilar to. thunder; the man, who applies his | 
hand to it, receives a ſhock ſo violent that hei is 


ſtunned. This ſurpaſſes curiofity, and chere fis 


good reaſon why we ſhould be on our guard, and 5 


not approach the bar during a ſtorm. 


A profeſſor at Peterſburgh named Richman, as 
Oe: a melancholy example. Having g perceiv- 
dd a reſemblance ſo ſtriking between the phenome- 
na of thunder and thoſe of electricity, this unfortu- 
nate naturaliſt, the more clearly to aſcertain it by = 
experiment, raiſed a bar of iron on the roof of his 
houſe, caſed below in a tube of glaſs, and ſupported E 
by a maſs of pitch. To the bar he attached a wire, 
Which he conducted into his chamber, that as ſoon 
as the bar. ſhould become electric, the electricity 5 
1 might have a free communication with the wire, 
and ſo enable him to prove the effects in his apart- : 
ment. And it may be proper to inform you, that 
this wire Was conducted in ſuch a manner as no 5 
where to be in contact but with bodies whoſe pores 
are cloſe, ſuch as glaſs, pitch, or ſill, to prevent tha 


eſcape of the electricity. 


Having made this arrangement, he expected 2 

_ thunder-ſtorm, which, unhappily for him, ſoon came. 

| The thunder was heard at a diſtance; ; Mr. Rich- 
"Jn 6. mam 
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main was all attention to his wire, to ſee if he 
could perceive any mark of electricity. As the 


ſtorm approached, he judged it prudent to employ 
ſome precaution, and not keep too near the wirez 


but happening careleſsly to advance his cheſt a lit- 
tle, he received a terrible ſtroke, accompanied 1 
with a loud clap which ſtretched him lifeleſs on. 
the floor. 


About the fines time, the late Dr. Fiat and 


Dr. Ludo were about making ſimilar experiments 
in this city, and in that view had fixed bars of iron 
on their houſes; but being informed of the diſaſter 
| which had befallen Mr. Richmann, chey had the 
5 bars of iron immediately removed, and, in my opi- 
nion, they acted wiſely. 


From this you will readily judge, that the 5 air or 


atmoſphere muſt become very electric during a 
thunder-ftorm, or that the ether contained in it muſt 
then be carried to a very high degree of compreſſion. 
| This ether, with which the air is ſurcharged, will 
__ paſs into the bar, becauſe of its open pores, and it 
will become electric, as it would have been in the 
| common method, but i in a much higher degree. 


46h dey, 1761. 


LETTER 


prodigious quantity of ether, which eaſily takes poſ- 
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LETTER XXXVIL 


E Planai on of the Phenomena of Li ebining I 
and T, bunder. 2 


\HE experiments, now 7 mentioned, inconteſ. 
tably demonſtrate, therefore, that ſtormy 
clouds are extremely electrical, and that, conſequent- 
| ly, their pores are either ſurcharged with ether, ww 
exhauſted, as both ſtates are equally adapted to elec- 
_ tricity. But J have very powerful reaſons for be- 
lieving that this electricity is poſitive, that the ether 8 
in them is compreſſed to the higheſt degree, and, 
conſequently, ſo much the more elaſtic than elſe- : 
where. | 
Such ſtorms uſually ſucceed very ſultry weather. 
The pores of the air, and of the vapours floating 
in it, are then extremely enlarged, and filled with a 
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ſeſſion of all the empty ſpaces of other ſubſtances. 
But when the vapours collect in the ſuperior regions 
ol our atmoſphere, there to form clouds, they have 

to encounter exceſſive cold. Of this it is impoſſible 
to doubt, from the hail which is frequently formed 
in theſe regions; this is a ſufficient proof of conge- 

lation, as well as the ſnow which we find on the tops 
EQ =. 
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of very high mountains, ſuch as the Cordelters, 


while extreme heat prevails below. 


Nothing, then, is more certain, or better eſtabliſhed - 


by Proof, than the exceſſive cold which univerſally 
prevails 1 in the upper regions of the atmoſphere, 
where clouds are formed. It is equally certain, 
that cold contracts the pores of bodies, by reducing 
them to a ſmaller ſize: now, as the pores of the va- 
Pours! have been extremely enlarged by the heat, as 
ſoon as they are formed aloft into clouds, the Pores 
contract, and the ether which filled them, not being : 
able to eſcape, becauſe thoſe of the air are very 
cloſe, it needs muſt remain there: : it will be of courſe 
compreſſed to a much higher degree of denſit 8 
and, conſequently, i its elaſticity will be ſo much the 
greater. . n 


The real ſtate of ſtormy clouds, Me 4 is this, the 


ether contained i in their pores, is much more elaſtic 
than uſual, or, in other words, the clouds have a 
poſitive clectricity. As they are only : an aſſemblage 
of humid Vapours, their pores are very open, be . 
5 being ſurrounded by the air whoſe pores are cloſe, = 
tis ether could not eſcape but very imperceptibly. 
a if any perſon, or any body whatever, with open 
peores, were to approach it, the ſame phenomena 
Which electricity exhibits would preſent themſelves; 
à very vehement ſpark, or rather a real flaſh would : 
| burſt forth. Nay more, the body would undergo a 
2 very violent ſhock by the diſcharge, from the im- 
„ N with which the ether! in the cloud would 


ruſh 
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ruſh into its pores. This ſhock-might be indeed ſo 
violent as to deſtroy the ſtructure; and, finally, the 
terrible agitation of the. ether which burſts from the 
cloud, being not only light, but a real fire, it 
might be capable of kindling and conſuming com- 
buſtible bodies. 
Here, then, you will diſtinguiſh all the circumſtances 


which accompany thunder; and as to the noiſe. of 
* thunder, the cauſe is very obvious, for it is impoſ- 
ſible the ether ſhould be in ſuch. a ſtate of agitation, = 
without the air itſelf. receiving from it the moſt: vio 
lent concuſſions, which forcibly impel the particles, 
and excite a dreadful noiſe. Thunder, then, burſts 
forth, as often as the force of ether contained in the 
clouds 1s capable of penetrating into a body, where 
the ether is in its natural ſtate, and whoſe pores are 
open: it is not even neceſſary that ſuch body ſhould 


immediately touch the cloud. 


What I have ſaid relpefiing the atmoſphere of 
ceftrified bodies, principally takes place i in clouds; 
and frequently, during a ſtorm, we are made ſenſible 


of this electric atmoſphere by a ſtiffling air, which is 


particularly oppreſſive to certain perſons. As ſoon 
as the cloud begins to diſſolve into rain, the air, be- . 
coming humid by it, is charged with an electricity 


dy which the commotion. may be conveyed to bo- 
dies at a very great diſtance. 


It is obſerved that thunder uſually ſtrikes very 
ele vated bodies, ſuch as the ſummits of church- 
* when they conſiſt of ſubſtances with open 
Pores, DYES 
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pores, as all metals are; and the pointed form con- 
tributes not a little to it. Thunder frequently falls, 


likewiſe, on water, the pores of which are very 
open; but bodies with cloſe pores, as glaſs, pitch, 


ſulphur, and ſilk, are not greatly ſufceptible of the 
thunder ſtroke, unleſs they are very much moiſten- 


ed. 
thunder paſſes through a window, it does not perfo- 
rate the glaſs, but always the lead or other ſubſtan- 
ces which unite the panes. 
that an apartment of glaſs cemented by pitch or any 
other ſubſtance with cloſe pores, would be an effec= 
taal ſecurity againſt the ravages of thunder, 


It has been accordingly. obſerved, that when 


It is almoſt certain, 


* are., 1 755 


ann, | 


Fl 


7 HUN DER. he | is nothing elfe but che . 
fect of the electricity with which the clouds 


are endowed; and as an electrified body, applied to 
another in its natural ſtate, emits a ſpark with fome 
noiſe, and diſcharges into it the ſuperfluous ether, 
with prodigious impetuoſity; the ſame thing takes 
place in a cloud that is electric, or ſurcharged with 

: einer, but with a force incomparably greater, becauſe 


of 
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of the terrible maſs that is electrified, and in which, 
according to every appearance, the ether is reduced 


to a much higher degree of compreſſion than we are 


capable of carrying it by our machinery. 


When, therefore, ſuch a cloud approaches bodies, : 


prepared for the admiſſion of its ether, this diſcharge 


muſt be made with incredible violence: inſtead of 


a ſimple ſpark, the air will be penetrated with a 


prodigious flaſh, which, exciting a commotion in 
the ether contained in the whole adjoining region 
of the atmoſphere, produces a moſt brilliant light 3 


ods in this lightning conſiſts. 


The air is, at the ſame time, put into a very vio- 
jent motion of vibration, from which reſults tho 
noiſe of thunder. This noiſe muſt, no doubt, be ex- 
cited at the ſame inſtant with the lightning; but you 
know that ſound always requires a certain quantity 
of time, in order to its tranſmiſſion to any diſtance, 
and that its progreſs is only at the rate of about a 
thouſand feet in a ſecond; whereas light travels 
with a velocity inconceivably greater. Hence we 
155 always hear the thunder later than we ſee the light- 5 
ning: and from the number of ſeconds i intervening 
| derween the flaſh and the report, we are enabled to 
determine the diſtance of the place where it is ge- 


nerated, allowing a thouſand feet to a ſecond. 


The body itſelf, into which the electricity of the 
cloud is diſcharged, receives from it a moſt dread- 


ful ſtroke; ſometimes it is ſhivered to pieces; 


I fometimes ſet on fre and conſumed, if combuſti- 
ble; 
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ble; ſometimes melted, if it be of metal: and, in 
ſuch caſes, we ſay it is thunder-ſtruck.; the effects of 


which, however ſurprizing and extraordmary they 
may appear, are in perfect conſiſtency with the: well- 
known phenomena of electricity. 


 A-fword, it is known, has ſometimes been by 


thunder melted in the ſcabbard, while the laſt ſuſ- 
_ tained no injury: this is to be accounted for, from 
the openneſs of the pores of the metal, which the 
ether very eaſily penetrates, and exerciſes over it 
all its powers, whereas the ſubſtance of the ſcab- 
bard is more cloſely allied to the nature of bodies 
With cloſe pores, which permit not to the ether ſo 
5 free a tranſmiſſion. 


It has likewiſe been found; that of ſeveral „ 
on whom the thunder has fallen, ſome only have 


: Pro ſtruck by it; and that thoſe who were in the 
middle ſuffered no injury. The cauſe of this phe-- 
nomenon likewiſe is manifeſt. In a group expoſed 

to a thunder ſtorm, they are in the greateſt danger 

who ſtand in the neareſt vicinity. to the air that is 
i ſurcharged with ether; as ſoon as the ether is diſ- 
charged upon one, all the adjoining air is brought 
back to its natural ſtate, and conſequently thoſe. 
who were neareſt to the unfortunate victim feel no 
effect; 3 while others, at a greater diſtance, where 

the air is ſtill ſufficiently Geda wich ether, are 
1 ſtruck with tlie ſame thunder lap. 


In a word, all the ſtrange circumſtances, ſo fre- 


queny related, of the effects of thunder, contain 


-F 8 nothing 


2 

— 
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— 


1 

" 
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nothing which may not  be' eafi ily reconciled with | i 1 
the nature of electricity. = 
Some philoſophers have maintained, that thunder 1 
did not come from the clouds, but from the earth, 4 oh 
or bodies. However extravagant this ſentiment _ 8 
may appear, it is not ſo abſurd, as it is difficult to "ll 
diſtinguiſh, in the phenomena of electricity, whether a if 
the ſpark iſſues from the body which is electrified, 18 
or from that Which i is not ſo, as it equally fills the _ FB 
: ſpace between the two bodies; and if the electri- 1 
city is negative, the ether and the ſpark are in ef- oo 
fect emitted from the natural or non- electrified 14 i 
body. But we are ſufficiently aſſured that, in thun- ov 
der, the clouds have a poſitive electricity, and chat > _ 
= the lightning is 1s emitted from the clouds. 5 5 i | 
Tou will be juſtifiable however in-aſking, if by 1+ 8 
every ſtroke of thunder, ſome terreſtrial body is af- 1 
fected: ? We ſee, in fact, that it very rarely ſtrikes 14 
buildings, or the human body; but we know, at the FM 
fame time, that trees are frequently affected by i * 1 
ahd that many thunder-ſtrokes are diſcharged into 1 
the earth and into the water. I believe, however, Nv» 
it might be maintained, that a great many do not 1 
deſcend ſo low, and that the electricity of the clouds — $ 
is very frequently diſcharged into the air or atmo- lf [ | 
ſphere. The ſmall opening of the pores of the air TR 
no longer oppoſes any obſtruction to it, when va- i 


pours or rain have rendered it ſufficiently | humid; 
for then, we know, the pores open. 
"By may very N e in this caſe, that the 
ce 
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fuperfluous ether of the clouds ſhould vs diſcharged 
fimply. into the air; and when this takes place, the 
ſtrokes are neither fo violent, nor accompanied with 
fo great a noife, as when the thunder burſts on the 
earth, when a much greater extent of atmoſphere is 
put in agitation. 
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LETTER XXXIX. 


The Poſſ bil ity of preventin g, and of averting, the 
0 Efetts of T, bunder. 5 


'T has been aſked, Whether | it ache not be * 
fible to prevent, or to avert, the fatal effects of 


. Sande Yau are well aware of the importance of 


the queſtion, and under what obligation I ſhould lay 

_ 2multitude of worthy people, were I able to indicate 
an infallible method of mo F againſt : 
thunder. - 

' The knowledge of the nature and effects of dec. _ 
tricity, permits me not to doubt that the thing is 

poſlible. 1 correſponded ſome time ago with a Mo- 

_ ravian prieſt, named Procopius Diviſch, who aſſured 
me that he had averted, during a whole ſummer, 
X every thunder- ſtorm which threatened his own habi- 

tation, and the neighbourhodd, by means of a ma- 
chine conſtructed. on the principles of electricity. 


s e Severat- | 


Several perſons, ſince arrived from that country, 
have aſſured me that the fact is undoubted, and con- 


firmed by irreſiſtible proof. 


But there are many re ſpectable characters, who, 


on the ſuppoſition that the thing is practicable, 
would have their ſeruples reſpecting the lawfulneſs 
of employing ſuch a preſervative. The ancient pa- 
gans, no doubt, would have conſidered him as im- 


pious, who ſhould have preſumed to interfere with 


Jupiter, in the direction of his thunder. Chriſtians, 

| who are aſſured that thunder is the work of God, 
and that Divine Providence frequently employs i it to 
puniſn the wickedneſs of men, might with equal rea- 


ſon allege, that it were impiety to attempt to op- 


©. 


| poſe the courſe of ſovereign juſtice. 
W ithout involving myſelf in this delicate dig. 5 
7 cuſſion, I remark that conflagrations, deluges, and 
many other general calamities, are likewiſe the 
means employed by Providence to puniſh the fins of 15 
men; but no one, ſurely, ever will pretend, that 1 it - 
is unlawful to prevent, or reſiſt, the progreſs of a fire 
or an inundation. Hence Linfer, that it is perfectly . 
lawful to uſe the means of prevention againſt the 85 
- effects of thunder, if they are attainabwue. 
he melancholy accident which befel Mr. Rich- = 
mam at Peterſburgh, demonſtrates, that the thunder= 
ſtroke which this gentlemen unhappily attracted to 
himſelf, would undoubtedly have fallen ſome where 
elſe, and that ſuch place thereby eſcaped; it can 
therefore no longer remain a queſtion whether it be 
Poſſib e | 


* * 
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poſſible to conduct chunder to one Place; in pre- 


ference to another; and this ſeems to bring v us near 
our mark. . e 


„r 


oo 4; £82 


tle Telly of 1 any 0 one ie place to he ravages 
of thunder; we ſhould, in that caſe, altogether pre- 
vent theſe dreadful effects, which eri o great a 
Part of mankind. _ FP 
This appears by no means impoſſible; and the 
Moravian prieſt, whom I mentioned above, unqueſ- 
_ ficaably effected it; for I have been aſſured, that 
his machinery ſenſibly attracted the clouds, and 
conſtrained them to deſcend quietly ; in a diſtillation, ä 
without any but a very diſtant thunder-clap. 
The experiment of a bar of iron, in a very ele- 
vated ſituation, which becomes electric on the ap- 
3 of a thunder- ſtorm, may lead us to the con- 
ſtruction of a ſimilar machine, as it is certain, that 
in proportion as the bar diſcharges i its electricity, the 
clouds muſt loſe preciſely the ſame quantity; but i it; 
mulſt be contrived in ſuch a manner, that the bars 
may immediately diſcharge the <her. which they 
have attractect. 
It would be neceſſary, for this pu TY to pro- 
cure for them a free communication with a pool, or 
with the bowels of the earth, which, by means of 
their open pores, may eaſily receive a much greater 
quantity of ether, and diſperſe it oyer the whole 
e brad uti: tart "ments 
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immenſe extent of the earth, ſo that the compreſſion 
of the ether may not become ſenſible in any particu- 
lar ſpot. This communication is very eaſy by 
means. of chains of iron, or any other metal, Which 
will, with great rapidity, carry off the ether with 
which the bars are ſurcharged. 
I would adviſe the fixing of ſtrong bars of iron, 
in very elevated ſituations, and ſeveral.of. them to- 
gether, their higher extremity to terminate in a 
point, as this figure is very much adapted to the at- 
traction of electricity. I would, afterwards, attach 
long chains of iron to theſe bars, which I would. con- 
8 duct under ground into a pool, lake, or river, there 
0 diſcharge the electricity; and I have no doubt, ; 
that alter making repeated eſſays, the means „ 1 
be certainly diſcovered of rendering ſuch ,ma- 
chinery more commodious, and 1 more certain in 
its effect. = OO 
It is abundantly. evident, a on the —— of 
a thunder-ſtorm, the ether, with which the clouds 
5 are ſurcharged, would be tranſmitted in great abun- ” 
dance into theſe bars, which would thereby become . 
very electric, unleſs the chains furniſhed to the ether 
a free paſſage, to ſpend itſelf in the water, andi in the 5 
bowels of the earth. 3 5 
The ether of the clouds would continue, therefore, 
to enter quietly into the bars, and would, by its 
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- agitation, produce a light, which might. be viſible . 
on the pointed extremities. 2 
Such light is, — often obſeryed, during i 
2 ſtorm, — 


160 
a ſtorm, on the ſummit of ſpires, an infallible proof 
that the ether of the cloud is there quietly diſcharg- 
ing itſelf; and every one conſiders this as a very 
good ſign, of the harmleſs abſorption of many thun- 
_ der-ſtrokes. 
| Lights are likewiſe frequently obſerved at © fea, on 
the tops of the maſts of ſhips, known to ſailors by : 
| the name of Caftor and Pollux; and when ſuch ſigns 
are viſible, they conſider themſelves as ſafe from the 
5 ſtroke of thunder. 5 
| Moſt philoſophers have ranked theſe phenomena 
among vulgar ſuperſtitions; but we are now fully 
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aſſured, that ſuch ſentiments are not without foun- 


dation; indeed they are infinitely better founded = 
than many of our philoſophic : reveries *. : 


ob Se, 1761. 


* It was donned] improper to divert the reader's attention from 8 


5 Buler”s train of thought, on the ſubject of electricity, by notes 


on particular paſſages, according as the obſervations occurred. 5 


8 But now that the ſubject is cloſed, I am happy | to inſert, at once, 


0 few general remarks on Euler 5 theory ; ; ſurniftied by a gen- 


tleman well- known i in the world of ſcience, both by his literary 


. | | productions, and by his various and highly improved mathema- | 
585 tical inſtruments; ; and who has lately enriched i it by his valua- 


ble Lectures on Natural and Experimental Philoſophy, i in 5 vols. 
8vo. I mean Mr. Ceorge Adams, of F leet-ftreet. E. E. 
However Mr. Euler may have deviated from the preſent 


theories of electricity, in the explanation of particular pheno- —.— 


| mena, the great outline of his ſyſtem ſeems to be confirmed by 


. the conjectures of Newton, the opinions of TWatfon, Franilin, ; 


Wilſon, 
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Vigſin, Eeles, &c.” Theſe great men concur in ſuppoſing an 


etherial fluid to be univerſally diſſeminated through all matter; 


and every experiment proves, that its active properties depend 
on a ſolution of continuity (which i is nearly related to a change 
In the pores of bodies) whether produced by local motion, rup- 
ture of parts, friction, expanſion by heat, or condenſation by 
cold, Still there is no real ground for ſuppoſing that thoſe 
ſtates of electricity, called poſitive and negative, depend on the 
pores of bodies being more or leſs open, for it is highly proba. 
ble, that the two ſtates are always produced, at the ſame time, 
in all. bodies, and either ſtate may be exhibited by the ſame 
| body, under certain circumſtances, which can 1 have x no effect on 


: the pores of the bodies concerned. 


It is clear, chat all electric appearances depend on an inviſi- 
ble fluid, of whoſe effects, while i it remains in its natural ſtate, 
we are torally ignorant; but, whenever this tate 3 is diſturbed, 
thoſe appearances which we call electrical take place. Of theſe 

=: ſhall notice a few, ſomewhat more fully than' has been done 
by Mr. Euler. Obſerving, firſt, that ſince his time che cata- 

5 logue of thoſe ſubſtances which tranſmit, with eaſe, the electric 
fluid, as well as thoſe that do not conduct i it, has been conſider- 5 

ably increaſed; and none have yet been found but what hare 
more or leſs affinity with the electric fluid. It i 18 worthy of re- | 
mark, that many bodies which are non-condu@tors when cold, > 
will tranſmit the fluid, when they are heated; 2 circumſtance 


which ſeems to confirm the ideas of Mr. Euler. 1 


Though Mr. Euler has endeavoured to explain the me- 


chaniſm of electric attraction, and repulſion, he has not pointed 
out the general laws by which i it is governed. ＋ heſe are, Firſt, 


that bodies eleQrified poſtively repel each other: Secondly, that 
dodies elefrified aka: raped each other: TH > hirdly, bodies 
electrifed 
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electriſied by contrary powers ſtrongly attract each other: 
Fourthly, bodies that are electrified attract thoſe ſubſtances which 
dare not electrified. 8 

No experiments, on this ſubjeR, have engaged the attention 
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of philoſophers more than thoſe on the Leyden Phial. The myſ- : 


2,4, 1 — 
— ñ—ñ— * 
— _ 


— — . 
— — 


teries of this experiment are far from being unveiled, and we 

are in poſſeſſion of no theory that will clearly account for it. 
"DIV, F ranklin ſhewed, that the Leyden phial could not be charged, 

unleſs ſome conducting ſubſtance, i in contact with the outſide, 


* . 2 DT * Wu 1 1 
—— w onmgn wn ek > 22 . —_— — 
939 0 * 


was alſo connected with the ground, &c. He maintained, that 
the ſurplus electricity which was received, by one of the coated 
ſurfaces of the Phial, was actually taken from the other, that ona 5 
fide was always poſitively, the other always negatively, electri- 5 ” 
fed. This theory has been ſhewn to be defective, and it has : 
been proved that, while the Phial 1 is Charging, both fides ars , 


| electrified poſitively, 
: By connecting ſeveral bottles together, the electric power 


— 4 Ar nt. ” * 
5 _ "5 * 8 2 * : 
P — — gh ng _ 


| 1 + 185 may be increaſed almoſt at pleaſure, animals may be killed, and a 
3 FRY „ polarity may be given to magnetic needles. 5 | 
1 Ds - 5 55 It has been already obſerved, that the electiic fuid, in paſſing — 
_ 5 from one body to another, emitted rays of light; later experi- 
4 EL ments have ſhewn that there is ſcarce any ſubſtance, ſolid or 
i q | e fluid, but what may be rendered luminous by paſſing through it 
3 che electric fluid. It has alſo been found, in many inſtances, to 
5 | produce the ſame effects as culinary fire; thus It will raiſe the 5 
| LD FE thermometer, accelerate vegetation, and promote evaporation, 
| Kc. 
| After that aſtoni Wing diſcovery, bes which the 1 of 
{| — —¾ Lightning and Electricity was proved, conducting rods were 
* adapted to buildings, to preſerve them from being injured by 
Tightning, by hele are, in general all owed o be uſeful, though 
not 
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bot ſo extenſively as was at firſt imagined; and, though they 

may conduct the lightning that falls upon, ot meets with, them, 

ſafely to the ground, yet it is abſurd to ſuppoſe, that a conductor 
can prevent the lightning from ſtriking a building, or is e 

of exhauſting the atmoſphere of 1 its electricity. 

L One of the moſt brilliant diſcoveries, concerning Elegricity, 


3s that of i its activity in carrying on the functions of animal 
life. Mr. Walſh has ſhewn, that the powers of the Torpedo, oy 


the Gymnotus Electricus, like thoſe of the Leyden phial, might 


— * extended to any diſtance through a medium of conducting 
ſubſtances, and that thoſe bodies which impede the diſcharge of 
an electrical accumulation, had the ſame influence on the powers 
of the Torpedo, xc. Through a ſmall interval, in the circuit 
: formed to conduct the influence of theſe animals, a ſpark of light = 
has been made to appear, which has fully eſtabliſhed the ſimili- | 
; tude between the electrical fluid of theſe animals and that of : 
> nature at large. | Many inſtances might be introduced to ſhew | 
- its ageney in the human frame, but none can be offered of more . | 
importance to mankind, than thoſe which prove its efficacy : as 2 
medicine: it has been applied with ſucceſs, to relieve the ſuffer- 
ings of mankind, and, at a great hoſpital i in this metropolis, 
under the cautious eye of public ſcrutiny, has obtained an n efta- 


| bliſhed rank 1 in the art of healing.” ” 
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LETTER XL. 


On ho celebrated Problem of 1 the be geen 


Deſcription of the Earth, of its Axis, its two Poles, 
> the Equator, 8 5 


V 0 will by this time, no doubt, i imagine that = 
enough has been faid of electricity; and indeed 


1 have nothing farther to add on that ſubje&; a: 
-- an of cork, not a little embarraſſed about 
. choice of one worthy of your attention. 


In order to determine my choice, I think myſelf 


obliged to take into conſideration thoſe ſubjects 
which moſt materially intereſt human knowledge, 
and which Authors of celebrity moſt frequently 
bring forward. Theſe are ſubjects, reſpecting which, 
itt ĩs to be preſumed, perſons of quality have conſi- 
derable information. 85 


As you muſt, unqueſtionably, have heard fre- 


. quent mention made of the celebrated problem of 
the longitude, to the ſolution of which the Britiſh ” ” 
nation has propoſed a moſt magnificent premium, _ 
ED preſume that my labour will not be wholly thrown 
away, if I employ it in laying before you a fair 
ſtate of that important queſtion. It has ſuch an 
intimate connection with the knowledge of our ter- 
— raqueous globe, that it were a ſhame to be igno - 


rant i 
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rant of it. Tt will accordingly furniſh me with an 


opportunity of explaining a variety of intereſting 
articles, which, I flatter myſelf, you would wiſh to 


ſee elucidated. | 
I begin then with a general deſcription of the 


earth, which may be otter: as a globe, though 
it has been diſcovered by recent obſervation, that 
its real figure is a ſpheroid, ſomewhat flattened ; | 
but the difference | is ſo ſmall, that it mays. for the 


preſent, be altogether neglected. 


The firſt thing to be remarked on the globe of 


the earth, are two points on its ſurface, denomi- 


nated the two poles of the earth. Round theſe 
two points the globe of the earth every day re- 
volves, as you turn a ball fixed between the two 
points of a turning machine. This motion 18 called 2 
the daily or diurnal motion of the earth, each revo- 
lution of which is performed in about twenty-four 
hours. Or, to ſpeak according to appearances, you 
know that the whole heavens, . we conſider as 
| a concave ball, within whoſe circumference the earth 
revolves, appear to turn round the earth 1 in the ſame 
ſpace of twenty-four hours. This motion is likewiſe 
performed round two fixed points in the heavens, 


£ denominated the poles of heaven; now if we con- 


ceive a ſtraight line drawn from one of theſe poles 
of heaven to the other, that line will paſs through 
de centre of the earth. _ = 
But ”w wil eaſily comprehend, that he appear- 8 
3 2: ance 
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ance muſt be the ſame, whether the earth turns 
round theſe poles, while the heavens remain in a 


ſtate of reſt ; or whether the heavens revolve round 
their poles, the earth remaining at reſt. On either 
ſuppoſition we are equally led to the knowledge of 
the poles of the earth, the foundation not r only of 
aſtronomy, but likewiſe of geography. 


Let fig. 1. of plate I. repreſent the globe of the 


earth, whoſe poles are the points A and B; one of 
theſe poles, A, is named the /outh or antartric pole, 

: the other, B, is denominated the north or arctic Pole. 
This laſt is nearer to the en of the globe which . 
we inhabit. 


1 remark, that theſe two poles are directly oppo- 


a fire to each other ; in other words, were a ſtraight : 
line AB to be drawn directly through the earth, it 
would paſs preciſely through the middle C, that is 
* fay, through the centre of the earth. This 8 
5 ſtraight line A B has accordingly its appropriate 
- Name, and is called the axis of the earth, which be- 
ing produced | in both directions to the heavens, will 
terminate in the two points which are called the 
. poles of heaven; and to which we give the ſame 
75 names as to thoſe of the earth. 


Theſe twb poles of the earth are e by n no means a 


mere fiction, or a ſpeculation of aſtronomers and 
EE geographers ; but are really moſt eſſential Points 
marked on the ſurface of our globe; for it is well 
known, that the nearer we approach theſe two 
= points, t the colder and more rugged the face of na- 


ture 
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rure becomes, to ſuch a degree that the regions ad- 


Jacent to the poles are abſolutely uninhabitable, 


from the exceſſive cold which prevails there during 
the winter. No one inſtance, accordingly, has been 


produced of any traveller, whether by land or wa- 


ter, who has reached either of the poles. It may 
be affirmed, thereſore, that theſe two ſpots of che 
earth are altogether inacceſſible. . 
Having thus determined the two poles. of the 
earth A and B, we may conceive the whole globe 
divided into two hemiſpheres, DBE and D AE, 
each of which terminates in one of the poles as its 
ſummit. For this purpoſe we are to ſuppoſe the 


globe biſected through its centre C, ſo that the 
1 ſection ſhall be perpendicular to the axis of the 1 

earth; this ſection will mark, on the ſurface, a cir- 

cle encompaſſing the whole globe, every where 


cqually diſtant from the two poles. This ſur- 
1 5 rounding circle is denominated the equator. The 


regions adjacent to it are the hotteſt, and on that 
N account, as the ancients believed, almoſt uninhabi- 9 
table; but they are now found to be exceedingly 
populous, though u the heat be there almoſt inſup- | 


Portable. 


But as you remove [rey the equator, on either 5 


ſole, toward the poles, the countries become more 


and more temperate, till, at laſt, on approaching | 


too near the poles, the cold becomes intolerable. ; 


4s the equator divides the earth into two hemi- 
1 ſpheres, each bears the name of the pole contained 


rr 
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in it; * the half DB E, which contains the 
north pole, is denominated the horthern hemiſphere, 
and in it is ſituated all Europe, almoſt the whole 

of Aſia, part of Africa, and the half of America. 
The other hemiſphere is, from its pole, denomi- 
nated the ſouthern hemiſphere, and contains the 
greateſt part of Africa, the other half of America, 


and ſeveral iſles, which geographers attribute * 


Aſia, as you will recollect to have ſeen | in maps of 


1 5 the world. 


186 dugef, 1761, 


| LETTER. XII. 


27 the e mY 4 Eb of Meridians 5, an 4 g 
. . ſoor teſt Road from Place to Place. - : 


Av ING diſtincthy 4 41 the hes of the 

: . poles of the earth and of the equator, which 

. you can much more eaſily i imagine on a globe, than 
I can repreſent by a figure, every other neceſſary 
idea will readily follow from theſe. 

J muſt} however, ſubjoin A further elucidation of 

conſiderable i importance. The axis of the earth paſ- 


155 ſing from one pole to the other, through the centre 
= of the earth, is a diameter of the globe, and conſe- 


quently is double the length of the radius. A ra- 
dius of the earth, or the diſtance from every point 
bs ee a e Ginn, N 
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on the ſurface to the centre is computed to be 860 


German miles *; the axis of the earth will there- 
fore contain 1720 German miles. And the equa- 
tor being a circle whoſe centre is likewiſe that of 
the earth, it will have the ſame radius, namely 860 
miles, the diameter of the equator will accordingly 
be 1720 miles, and its whole circumference 5400 
miles nearly; ſo that if you were to make a tour of 


the globe, following the tract of the equator, you 
muſt perform a Journey of almoſt 5400 German 
miles. This will give you ſome idea of the mag- - 


nitude of the earth. 


Ie equator being a circle, it is ſuppoſed to be 
divided into 360 equal parts, named degrees: 8 
degree of the equator contains therefore 15 German : 


miles +a i; times 360 make 5400. 


Every degree is again ſubdivided into 60 3 
8 parts, called minutes, ſo that every minute contains 
the fourth part of a German mile, or about 6000 
feet; a ſecond being the fixtierh part of a minute, 


will contain 100 * 5 


It being impoſſible to repreſent a globe, on paper, ; 
8 any other way t than by a circle, you muſt ſupply | 
this defect by imagination. . Accordingiy AB, 


+5 Mi About 3936 miles Engliſh, or 1432 French IS, the 
axis of the earth will accordingly be 7912 miles Engliſh, or 


2804 F rench leagues; and the circumference at the E ad 
#37; 81 miles N about 8600 8 of France. 2. E. 


1 2 Engl: 
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(plate I. fig. 2.) being the two poles of the earth; 
B, the north, and A, the ſouth; DMNE will re- 
preſent the equator, or rather that half of it which 
is turned toward us, the other TEE concealed on the | 
oppoſite ſide. 

The line DMN E repreſents then a ſemi- circle, 


as well as B D A and BEA; all theſe ſemi-circles 5 


having their centres at that of the globe, C. It is 
poſlible to imagine an infinite number of other ſemi- 

circles, all of them drawn through the two poles of 
the earth A and B, and paſſing through every point 
of the equator, as BMA, BNA: theſe will all be 


ſimilar to the firſt BD A and BEA; though in 


te figure their form appears very different. Ima- 
; gination | muſt. correct this, and the fact 18 apparent 
on a real globe. 15 Tn, 

All theſe ſemi-circles drawn from « one pole to che 


other, through whatever point of the equator they 


may paſs, are denominated meridians: or rather, a 
meridian is nothing elſe but a ſcmi- circle which, on 
the ſurface of the earth, is drawn from one pole to 
the other; and you can eaſily comprehend, that, 
taking any place whatever on the ſurface of thjie 
earth, ay the point L, you can always conceive a 
meridian BL MA, which, paſſing through the two 
: poles, takes in its way the point L. T his meridian 


then is named the meridian of L. Suppoſing, for ex- 


ample, L to be Berlin, the ſemi- circle BL MA 
would be the mer ian of Berlin; and i in like man- 


— reſpecting every other ſpot of the mz. 
Ep en pe oo dw =: Wow 
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You can repreſent to yourſelf a globe, on the 


furface of which are deſcribed all the countries of 
the earth, the continent, as well as the ſea with its 
This artificial globe, denominated the er- 
reſtrial or terraqueous globe, you muſt no doubt be 


iſlands. 


acquainted with. As to all meridians, which can 


poſſibly be drawn upon it, and a great number of 

vhich actually are traced, I remark, that each, being 
a ſemi,- circle, is divided by the equator into two 

equal parts, each of which is the fourth part of * 


circle, that is an arch of go degrees. Accordingly, 


BD, B M, B N, B E, are fourth parts of a circle as 
- well as AD, AM, AN, AE; each therefore con- 
eins 90 degrees: and it may be farther added, that 
each is perpendicular to the equator, or forms right 


15 angles with it. 


1 85 Again, were a perſon to travel from the point of 
the equator M, to the pole B, the ſhorteſt road 
would be to purſue the track of the meridian 
MLB, which being an arch of 90 degrees, and a 

degree containing 15 German miles, would con- 
tain 1350 miles 5 the diſtance to be paſſed | in going 


from the equator to either of the poles. 


You will recollect, that the ſhorteſt road from = 
place to place, is the ſtraight line drawn through 
any two places; ; here the ſtraight line, drawn from 

the point M, in the equator, to the pole B, would 
fall within the earth, a route which 1 it is impoſiible 


| * + About 6200 miles Engliſh, or 2250 French leagues. | 
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to purſue, for we are ſo attached to the ſurface of 
the earth, that we cannot remove from it. For 
this reaſon the queſtion becomes exceedingly dif- 
ferent, when it is aſked, What is the ſhorteſt 
road, leading from one ſpot on the ſurface of a 
globe to another? This ſhorteſt road is no longer a 
ſtraight line, but the ſegment of a circle, deſcribed | 
from one point of the ſurface to another, and whoſe 
centre is preciſely that of the globe itſelf. This is 
_ accordingly in perfect harmony with the caſe in 
queſtion; for to travel from the point M in the 
chquator, to the pole B, the arch of the meridian 
ME, which 1 have repreſented as the ſhorteſt 


5 road, is in effect a ſegment of the circle Whoſe 
centre is preciſely that of the earth. 


90 thence to the pole B, will be the arch LB; and 
it we know the number of degrees which this arch 


Contains, allowing 15 German miles to a degree, we 


hall! have the length of the road. But if you were 


5 diſpoſed to travel from the ſame ſpot to the equator, b 


: by the ſhorteſt track, it would be neceſſary to pur- 
ſue the track of the ar -ch of the meridian LM, the 
number of degrees contained in which, reckoning 15 


” German miles to a degree, would give the diſtance. 


We muſt be ſatisfied with expreſſing theſe diſ- 


tiances in degrees, i it being ſo eaſy to reduce them to 


German miles, while other nations employ miles of 
various length, fome greater, ſome ſmaller, Taking, 
7 5 then, 


In like manner, if we conſider the ſpot 3 ſituar- - 
ed] in the meridian BLM A, the ſhorteſt road 
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diath the city of Berlin for the ſpot L, we find that 
the arch LM, which leads to the equator, contains 52 
degrees and a half; conſequently to travel from Berlin 
to the equator, the ſhorteſt road is 787 German miles 
and a half. But if any one were to go from Berlin 
to the north pole, he muſt follow the direction of the 
arch BL, which, containing 37 degrees and a half, 
would be 562 German miles and a half. Theſe 
two diſtances added, give 1350 German miles 
for the extent of the arch BLM, which is the 
| fourth part of a circle, or 90 degrees, which contain, 2 
as we have ſeen, I 3 50 German miles. 


d ug 1761. 
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LETTER XLII. 


of Latitade, and. its Influence on the Seofons, and th J 
1 20 of the Day. 8 bo 


Begin once more with the ſame figure, ( plate L . 
. ) which muſt by this time be abundantly 
familiar to you. The whole circle repreſents. the 
globe off the earth; the points A and B its two 
poles; B the north or arctic, and A the ſouth or 

antarctic; fo that the ſtraight line B A drawn with- 
in the earth, and paſſing through its centre C is 
the axis of it. Again D M E is "the equator which 


divides it into two hemiſpheres, D B S the northern, „ 
and DA E the ſouthern. 55 —ñññ 
— — 9 


I > 
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Let us now take any ſpot whatever, ſay L, and 
draw its meridian BL MA, which, being a ſemi- 
circle, paſſes through the point L, and the two 
poles B and A. This then is the meridian of 
the place L, divided by the equator at M into 
two equal parts, making two-fourths of a cir- 
cle, each of which contains 90 degrees. I re- 
mark farther, that the arch L. M, of this meridian, 
gives us the diſtance of the place L from the equa- 
tor, and that the arch L B expreſſes the diſtance of 
the ſame place L, from the pole B. 
This being laid down, it is of 1 importance to ob- 
ſerve that the arch LM, or the diſtance of L. from 


the equator, is denominated the latitude of the place „ 


ſo that the latitude of any place on the globe, is no- 
thing elſe but the arch of the meridian of that place, 


. which is intercepted between the equator and the 


given place : : in other words, the latitude of a place, : 


z the diſtance of that place from the equator, ex- 


preſſing ſuch diſtance by degrees, the quantity of 
which we perfectly know, as cach degree contains 


IF; German miles. 


Tou will readily comprehend, that this diſtance 


3 muſt be diſtinguiſhed, according as the. given place L 

„ the northern, or ſouthern hemiſphere. | - In the 
T former caſe, that is, if the given place is in the 
northern hemiſphere, we fay 1t has north latitude 


burt it it is in the ſouthern hemilp! ere, we ſay, 1 it is in 
5 fouth latitude. : 
Taking Berlin as an inſtance, we fay | it is in 92 


: degrees and 3¹ minutes of north latitude; the lids 


rude 


A GERMAN PRINCESS. 17.8 


tude of Magdeburg 1s, in like manner, a 52 
degrees and 19 minutes. But the latitude of Batavia 
in the Eaſt Indies is 6 degrees 15 minutes ſouth; 
and that of the Cape of Good Hope in Africa, i 18 
likewiſe ſouth 34 degrees 15 minutes. 
1 remark by the way, that for the ſake of abbre- 
Vviation, inſtead of the word degree we affix a ſmall 
cipher () to the numeral characters, and inſtead 
of the word minute a ſmall ſlanting bar (0) and in- 
ſtead of ſecond two of theſe EE ); thus the latitude 
of the obſervatory at Paris is 485 507 10”, N. 
that is 48 degrees, 50 minutes and 10 ſeconds 
North. In Peru there is a place named Vlo, whoſe 
latitude has been found to be 17 35 15” S. that 
18, 17 degrets, 36 minutes and 15 ſeconds South. 
Hence you will underſtand, that if a place were men- 
tioned whoſe latitude was of o ©”, ſuch place 
would be preciſely under the equator, as its diſtance 
from the equator is o, or nothing; and in this 
caſe i it is unneceſſary to affix the letter N or S. But 
| were it poſſible to reach a place whoſe latitude was 
90˙ N. it would be preciſely the north pole of the | 
earth, which 1 is diſtant from the equator the fourth 
of a circle or 90 degrees. This will give you a 
clear idea of what is meant by the latitude of a 
5 place, and why 1 it is expreſſed by degrees, minures, . 
and ſeconds. | . 
It is highly important to know the Ladle of 
every Place, not only as eſſential to Geography, in 
the view of aſſigning to each its exact ſituation | 
on geographical charts, but likewiſe becauſe on the 


latitude 
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latitude depend the ſeaſons of the year, the mequa- 
lities of day and night, and conſequently the tempe- 
rature of the place. As to places ſituated directly 
under the equator, there is ſcarcely any perceptible 
variation of the ſeaſons, and through the whole year 
the days and nights are of the ſame length, namely 
12 hours. For che reaſon the equator is likewiſe 
denominated the equinoctial line: but in propor- 
tion as you remove from the equator, the more re- 
markable! is the difference in the ſeaſons of the year, 
and the more likewiſe the days exceed the nights | in 
5 ſummer, whereas, reciprocally, the days in winter . 
areas much ſhorter than the nights. - 
VPou know that the longeſt days, i in theſe northern 15 
5 latitudes, are toward the commencement of our 
ſummer, about the 21ſt of June; the nights, of 
conſequence, are then the ſhorteſt ; and that toward 
the beginning of our winter, about the 23d of De- 
cember, the days are ſhorteſt and the nights longeſt : 
ſo that every where, the longeſt day is equal to the 
| longeſt night. Now in every place, the duration of 
the longeſt day depends on the latitude of the place. 
Here, at Berlin, the longeſt day is 16 hours and 38 
minutes, and conſequently the ſhorteſt day! in winter 
WY hours 22 minutes. In places nearer the equator, | 
or whoſe latitude is leſs than that of Berlin, which 
is 52* 32', the longeſt day in ſummer is leſs than 
16 hours 38 minutes, and in winter the ſhorteſt . 
day i is more than 7 hours 22 minutes. The con- 
trary of chis takes Place © on removing farther from 


che 
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the equator: at Peterſburg, for example, whoſe 
latitude 1s 60 degrees, the longeſt day is 18 hours 


Zo minutes, and conſequently the night is then 


only 5 hours 30 minutes: in winter, on the con- 


_ trary, the Jongeſt night is 18 hours 30 minutes, and 
then the day is only 5 hours 30 minutes. Were 
you to: remove ſtill farther from the equator, ' till vou 
came to a place whoſe latitude was 66? 307, the 


longeſt day there would be exactly 24 hours, in 


other words, the ſun would not ſet at that place, at 


that ſeaſon; whereas in winter the contrary takes 


place, the ſun not riſing at all on the 23d of De- 
cember, that is, the night then laſting 24 hours. _ 
Now at places ſtill more remote from the equator, 
and conſequently nearer the pole, for example at 
Warthuys in Swediſh Lapland, this longeſt day 
laſts for the ſpace of ſeveral days together, during 
which the ſun abſolutely never ſets; and the longeſt 
night, when the ſun never riſes at all is of the ſame 


duration. ” 


Mere it poſſible to Py as pole Ho. we 

0 ſhould have day for ſix months together, and, dur- 
ing the other ſix, perpetual. night. From this you 
: comprehend. of what importance it is to know aG- | 


curately the latitude of every 955 of che globe. 5 
4 r, 1761. 
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LETTER XLIII. 


op Parallels, J of the firſt Meridian, and of 
| — e 


TAVING informed you, * in · order to find” - 
| the meridian of any given place; ſay L, it is 
e in to draw on the ſurface of the earth's ſemi- 
circle BL MA, paſſing through the two poles B 
and A, and through the given place L; 1 remark, 
(plate I. fg. 4.) chat there i is an infinite number of 
other places, through which this ſame meridian - 


. paſſes, and which are conſequently all ſaid to be 


7 ſituated under the ſame meridian, whether in the 
northern hemiſphere, between B and M, or in | the 


po, ſourhern, between Mand A. 


Now all the places, ſituated under che ſame me- 
ridian, differ as to latitude, ſome being nearer to, 


5 or more remote from, the equator than others. 
N Thus the meridian of Berlin paſſes. through the 
city of Meiſſe, and nearly through die port of 


1 - Trieſte, as well as many other places of leſs note. 


You will likewiſe pleaſe to obſerve that a great 


many places may have the fame latitude, that is, 
may be equally diſtant from the equator, but all of _ 


them ſituated under different meridians. In fact, 
= i L i is the city. of Berlin, whoſe latitude, . 
N 5 
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arch L M contains 52 37”, it is poſſible under any. 
other meridian BNA, a place I, the latitude of 


which, or the arch I N; ſhall likewiſe be $2 Jt +- 


fuch are the points F and G, taken in the meri- 


dians BDA, BEA. And as a meridian may be 


drawn through. every point of the equator, in which 


there ſhall be a place whoſe latitude is the ſame 
with that of Berlin; or the place L, we ſhall have 
an infinite number of places, all of the ſame lati- 
tude. They will be all ſituated in the circle FL IG, 
all the points of which being equally diſtant from 
the equator, it is denomingted a parallel circle to the 
Equator, or fimply a parallel. A parallel on the 
globe, then, i is nothing elſe but a circle parallel to the. 


equator, that 3 1s, all the points of which are equi- 


diſtant from it; kence it is evident, that all the 
points of a parallel a are likewiſe equidiſtane from the | 
” poles: of the earth. 
Ss it bs pottible to fraw PRO a parallel through 7 
every place on the globe, we can conceive am infi- 
nlite number of them, all differing in reſpect of lati- 
e tude, each having a latitude, whether north c or Hun 
e peculiar to itſelf. OW 
You. muſt likewiſe be abundantly ſenſible, tha 
the greater the latitude is, or the nearer you ap- 
proach to either of the. poles, the ſmaller the pa- 
rallels become, till at laſt, on coming to the very 
poles, where the latitude. i is go?, the mami is re- 
duced to a ſingle point. But, on the contrary, as, 
you approach the equator, or the ſmaller F 

5 rode 
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tude i is, the greater are the | parallels ; till at laſt, when 
the latitude becomes o, or nothing, the parallel is 
loſt in the equator. It is accordingly by the lati- | 
tude that we diſtinguiſh them; thus the parallel of 

305, is that which paſſes through every place whoſe 
latitude is 30 degrees, but it is neceſſary to explain 
yourſelf, according as you mean north or ſouth lati- 


tude. 


On conſulting an accurate map, you will obſerve 


| that Hanover is fituated under the ſame parallel 
with Berlin, the latitude of both being 52* 31, and 
that the cities of Brunſwick and Araſte dam fall 
nearly under the ſame parallel; but thats 
dians paſſing through theſe places are different. It - 
you know the meridian and the parallel 1 under which : 
any place | is ſituated, you are enabled to aſcertain | its 
actual poſition on the globe. If it were affirmed, for 
example, that a certain place is ſituated under the 
meridian BNA, and the parallel FLG, you would 
only have to look where the meridian BNA is inter- 
ſected by the parallel FLG, and the point of interſec- a” 


- tion J, will give the true poſition of the given place. 


e meri- 


Such are the means employed by geographers 


do determine the real ſituation of every place on the 
fasace of the globe. You have only to aſcertain its 
Parallel, or the latitude, and its correſponding me- 
ridian. As to the parallel, it is Eaiy to mark and 
8 diſtinguiſn it from every other; you have only to 
indicate the latitude, or diſtance from the eqvator, 
according as it is north or ſouth: but how deſcride 
2 meridian, and dicunguiſn it from every other? 


-+ THEE 
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They have a perfect reſemblance, they are all 


equal to each other, and no one has a ſpecial and 


diſtinctive mark. It depends therefore upon our- 

ſelves to make choice of a certain meridian, and to 
fix it, in order to refer all others to that one. i. 
bor example, 1 In the figure referred to at the begin- 


ning, we were to fix on the meridian B D A, it 


would be eaſy to indicate every other meridian, 
ſay BM A, by ſimply aſcertaining on the equator 
the arch DM, contained between the fixed meridian 
B DA and the one in queſtion B MA, adding only | 
in what direction you proceed from the fixed me- 
ridian toward the other, whether from eaſt to welt, 


or welt to caſt. e 
This fixed meridian, to which erery other | is re- 


TT ferred, is called the firſt meridian ; and the choice of 
this meridian being arbitrary, you will not think it 
ſtrange that different nations ſhould have made a 
b don choice. The French have fixed on the 
| Iſle of Ferro, one of the Canaries, for this purpoſe, - 
5 and draw their firſt meridian through it. The Ger- 
mans and Dutch draw theirs through another of the . 
Canary iſlands, called Teneriffe, But whether 
you follow the French or German geographers, it 
is always neceſſary carefully to mark on the equator 
the point through which the firſt meridian paſſes; 
from this point you afterwards reckon by degrees, 
the points through which all other meridians pals 3 
and both French and Germans have agreed to rec- 


on from welt to eaſt. 
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If, tbeteddre in the figure to which I have already 


referred, the ſemicircle BDA be the firſt meridian, 


and the points of the equator M and N were ſituat. 


ed toward the eaſt, you have only, in order to mark 
any other meridian, ſay B MA, to indicate the mag- 
nitude of the arch DM; and this arch is what we 
Call the Jongitude of all che places ſituated under the 

meridian BMA. In like manner, all the places 
ſituated under the meridian B NA have their longi- 
| tude determined by the arch of the equator DN; £ 
expreſſed 1 in degrees, minutes and ſeconds. | 


29th Aral. 17 761, 


LETTER XLIV. 
genen Meridian, 


7 0 U have now rerivell complete information 
reſpecting what is denominated the latitude 


Dn the longitude of a place on the ſurface of the 
globe. Latitude is computed on the meridian of 
the given place, up to the equator; in other words, | 

it is the diſtance of the parallel paſſing through that 

place, from the equator; and to prevent all "ambi- 5 
guity, it is neceſſary to expreſs whether this latirude 
or diſtance is north or ſouth. . 


As to longitude, we muſt determine the diſtance 


of > 
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wf the meridian of the given place from the firſt me- 
ridian; and this diſtance is computed on the equator, 
from the firſt meridian to the meridian of the p< 
place, always proceeding from weft to eaſt; 
other words, longitude is the diſtance of the eee 


ol the given place, from the firſt, computing the de- 


grees on the equator, as I have juſt now ſaid. 


We always compute, then, from the firſt meri- 5 


5 dian eaſtward; and it is evident that when we have 
computed up to 360 degrees, we are brought back 
5 preciſely to the firſt meridian, as 360 degrees com 
pulete the eircumference of the equator. Accord- 
ingly, were any particular place found to be in the 
359th degree of longitude, the meridian of that 
place would be only one degree diſtant from the 
firſt meridian, but toward che weſt. In like man- 
ner, 350* of longitude would exadtly correſpond 
with a diſtance of . 10? weſtward. For this reaſon, 


15 in order to avoid all ambiguity, | in determining lon- ; 
Situde, we go on to reckon up to 360? toward tht | 


eaſt, 


- bought proper to draw the firſt meridian through 


7: Wow will no doube have the curioſity to know, | 
0 _ he geographers, i in ſettling the firſt meridian, have 
agreed to fix on one of the Canary iſlands ? F beg _ 
: -leave to reply, that the intention was to begin 
With ſettling the limits of Europe toward the weſt; 
and as theſe iſlands, called the Canaries, and ſituated : 
in the Atlantic ocean, beyond Spain, toward Ame- 
rica, were ſtill conſidered as part of Europe, it was 
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the moſt remote of the Canary iſlands, that we 
might be enabled to compute the other meridians 


without interruption, not only all over Europe, but 


5 through the whole extent of Aſia: from whence, 
going on to reckon toward the eaſt, we arrive at 
America, and thence return at length to the firſt 
L meridian. 
But to which of the © anary iſles ſhall we give the 
preference ? Certzin geographers of France made 
choice of the iſle of Ferro, and the Germans that 
of Teneriffe, becauſe the real ſituation of theſe iſles a 
was not then ſufficiently aſcertained, and it was not 
5 perhaps Known which of them was the moſt remote; = 


beſides, the German geographers imagined. that the 
mountain named the Peak of Teneriffe was pointed 


out, as it were, by the hand of Nature for the firſt : 
meridian. Ex 
he this as it may, it t ſeems. rather ridiculous to 
draw the firſt meridian through a place whoſe real 
i Boſirion on the globe is not perfectly determined; 
for it was not till very lately that the ſituation of the 
Canaries was aſcertained. For this reaſon, the moſt 


accurate aſtronomers fix the firſt meridian preciſely 


— 0 degrees diſtant from that of the obſervatory at 
Paris, without regarding through | what ſpot the firſt 
may in that caſe paſs; and it is undoubtedly the 
ſureſt method that can be adopted: and in order to 


— determine every other meridian, the ſimpleſt way is to 0 


find out its did tance from that of Paris: : then if that 
| other mericlan 1 is more to the calt, you have only w— 
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add to it 20 degrees, in order to have the longitude 


of the places ſituated under it: but if this meridiun 
be weſtward to that of Paris, you muſt ſubtract the 
diſtance from 20 degrees: finally, if this diſtance to- 
ward the weſt is more than 20 degrees, you ſubtract 
it from 380 degrees, that is, from 20 degrees above 
360, in order to have the longitude of the mert- 


dian. 


ward of the meridian of Paris I „ 7-18 the lon- 


gitude of Berlin will be 31 1 8 2 $f: ; and this 1 18 like- 
wile the longitude of all other places ſituated under 


the ſame meridian with Berlin. 


1 like manner the meridian of Peterſburg being 9 
. 28 degrees more to the eaſt than that of Parts, the 

; longitude of Peterſburg will be 49% a 
_ The meridian of St. James' 6, London, i is more 


to the weſt than that of Paris by 2* 25 15; 


ſubtracting, therefore, that quantity from 20˙5 the | 
remainder,” 17? 34 45” go gives the latitude of St. 5 


James“ 85 London. 


Leet us now take the city of Lima in Peru, the 

| meridian of which i is 70* 97 30” to the weſtward of 
that of Paris; that diſtance mult be ſubtracted from 
380 degrees ; Which will leave a remainder of 


Zog' 5of 30%, the longitude of Lima. 


Now, when the latitude and longitude of a place 
are known, we are enabled to aſcertain | its true po- 


ſition on the terreſtrial globe, or on a map: for as 


the latitude marks the parallel, under which the 
place 15 ſituated, and the meridian gives the meri- 


dian 


Thus the meridian of Berlin being fo. oh oath 


3.8 

14 

| 

' 

| 

i 

, 
A} 
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dian of the fame place, the point where the Parallel 
interſects the meridian, will be exactly the place 1 ir 
queſtion. | 
You have but to look at a map, that of Europe 
for example; and you will ſee the degrees of the 
parallels marked on both ſides, or their diſtances 
from the equator: above and below are the degrees 
of longitude, or the diſtances of me ſever meri- 
dians from the firſt. A oor | 
The parallels and meridians are uſually 860 5 


” . on maps degree by degree, ſometimes at the diſtance 


of 5 degrees from each other. Jn moſt maps the 


meridians are drawn up and down, and the paral- 


lels from left to right: the upper part is directed 


— toward the north; the under to the ſouth: the right- 


hand fide toward. che eaſt, and the left- hand fide 


5 toward the weſt. 
It is likewiſe to be 1 chat as all the me- I 


5 ridians meet at the two poles, the more any two 


75 meridians approach to either of the poles, mo 
ſmaller their diſtance becomes; at the equator their 1 


. diſtance always! is greateſt. Accerdingly on all good 
- maps, where the meridians are traced, you will ob⸗ 
ſerve that they g gradually approximate toward the : 


top, that is the north, and their diſtances inczeaſe as 
vou proceed toward the equator. This is all a 


tems to be requiſite for the underſtanding of geo- 


graphical charts, by means of which an attempt . 5 
made to repreſent the ſurface, or Pert of the for- 1 


Th face, of che ou 
Buy : 
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But my principal object was to demonſtrate how 
the real poſition of every ſpot on the globe is deter- 
mined by its latitude and longitude. 


V September, 1761. 
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 Mathed of dveminng the Latitude, or the Elevation 
> * the Pole. 55 E 
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r being a matter of Cath 1 importance to know 
the latitude and longitude of every place, i in or- 

5 der to aſcertain exactly the ſpot of the globe where 
you are, you muſt be ſenſible that it is equally im- 
portant to diſcover the means of certainly arriving - 
15 at ſuch knowledge. = gr ner ono, 

Nothing can be more intereſting to a man, who ” 
i Jus- been long at ſea, or after a tedious journey 
through unknown regions, than to be informed at © 
ö preciſe ſpot he 18 arrived; whether or not he 
d near ſome known country, and what courſe he 
ought to purſue 1 in order to reach it. The only 
means of relieving ſuch a perſon from his anxiety _ 
would undoubtedly be to give him the latitude and 
_ - longitude of the place where he is: but what muſt 
he 30 to attain this moſt important information? 
— Let us s ſuppoſe bim on che ocean, or in a vaſt de- 
; ſert, 
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ſert, where there is no one whom he could conſult. 
After having aſcertained, by the help of a terreſtrial 


5 globe, cr af maps, the latitude and longitude of the 


place where he is, he will with eaſe, from them, de- 
termine his preſent poſition, and be furniſhed with 


the neceſſary information reſpeRing his future Pro- 


| grels. 


I proceed, therefore, to inform you, chat! it is by 


. aſtronomy chiefly we are enab! ed to determine the 
latitude and longitude of the place where we are; 
and that I may not tire you by a tedious detail of 
all the methods which aſtronomers have employ ed 
for this important purpoſe, I ſhall ſatisfy myſelf 
with preſenting a general idea of them, flattering 
| my ſelf chat this will be ſufficient to convey to you 
the knowledge of the principles on which every 
method 1 is founded.” 5 


1 begin with the cate which. is Involved. in 


nn ee any difficulty, whereas the determination of 
h longitude ſeems hitherto to have defied all hu- 
man reſearch, eſpecially at” fea, where the utmoſt 5 
preciſion is requiſite. F or the diſcovery of this 
, accordingly, very conſiderable prizes have | 
been propoſed, as an encouragement to the learned 
to direct their talents and their induſtry toward 3 
mM ſcovery ſo intereſting, both from its own import- 


ance, and from the 3 and emolument which 
are to be the fruit of it. BE - 


I return to the latitude, and the means of aſcer- 8 


taining it, referring to ſome future opportunity a 


more 
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more ample diſcuſſion of the longitude, and of the 
different methods of diſcover ing it, eſpecially at 
ſea. 


Let the points B and A ( plate J. fig. 5-) be the 


poles of the earth; BA its axis, and C its centre 
let the ſemicircle BD A repreſent a meridian, in- 
terſected by the equator at the pour D; and BD, 


AD, will be each the quadrant of a circle, or an 


arch of go degrees: the ſtraight line D C will there- 


fore be a radius of the equator, and DE its dia- 


meter. 


of degrees contained in the arch LD, which mea- 


ſures the diſtance of the point L. from the equator; 
or again, drawing the radius C L, as the arch LD 
meaſures the angle DELs which 1 ſhall call ”, this 
angle y will expreſs the latitude of the place EL, 


i which we want to find. 


Novy it being impoſſible to place ourſelves at the 
5 0 centre of the earth, thence to take the meaſure of 
that angle, we muſt have recourſe to the heavens, 
85 There the prolongation of the axis of the carth AR 
terminates in the north pole of the heavens P, which 
we are to conſider as at an immenſe diſt tance from 
the earth. "Let the radius CL. lil cewiſe be carried 
forward till it terminate in the heavens at the point 
2, which is called the zenith of the place; then, 
drauing through the point L the fl aicht Ine 8 
. perpen- 


1 there now be aſſumed in this meridian 
B DA, the point 1. the given place, of which the 
latitude is required, or in other words, the number 
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perpendicular to the radius CL, you will recolle& 
that this line S T is a tangent of the circle, and that 
conſequently it will be horizontal to the place L : 
our horizon always touching the ſurface of the earth | 
at the place where we are. 
Leet us now look trom L toward the pole of fe - 

5 e P, which being infinitely diſtant, the 
ſtraight line 1. Q. directed to it, will be parallel to 
the line ABP, that is to the axis of the earth: this 
5 pole of the heavens will appear, therefore, between 

| the zenith and the horizon LT; and the angle 
TLQ, indicated by the letter 2, will ſhew how _ 
much the ſtraight, line LQ, in the direction of the 
SF pole, is elevated above the horizon; hence this 
angle m is denominated the elevation of the pole. 
Fou have undoubtedly heard frequent mention 
made. of the elevation of the pole, or, as ſome call 
tit, the height of the pole, and which is nothing elſe 
but the angle formed by the ſtraight line L Qin 
che direction of the pole, and the horizon of the 
place where we are. You have a perfect compre- 

henſion of the poſſibility of meaſuring this angle n 
| dy means of an aſtronomical inſtrument, without ” 
1 my going into any farcher detail. „ 
Having meaſured this angle m, or the height af Es 
: the pole, it will give you preciſely the Jatitude of 
the place L, that is the angle y. To make this ap- 


— peur, it is only neceſſary to demonſtrate that the 
5 angles m and 9 are equal. 


Nor 
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Now the line L Q being parallel to C P, the 


angles m and 7 are alternate, and conſequently 
equal. And the line LT being perpendicular to 


the radius CL, the angle CET of the trrangle 
CLT. muſt be a right angle, and the other two 
angles of that triangle u and x muſt be together 
5 equal to a right angle. But the arch BD. being 
the quadrant of a circle, the angle B CD. mult 
likewiſe be a right angle; the two angles x. and 5, 
; therefore, are rogerher equal to the two angles 2 
and x.. Take away the angle x from both, and. 
there will remain the angle y equal to the angle :; 
but the angle u has been proved equal to the: angle 
: m, therefore the. _ * is likewiſe equal. to the 


5 It has already 1 remarked, that the angle » * 
| expreſſes the latitude of the place L, and the angle. 
m the elevation or height of the pole at the ſame 


place L; the latitude of any place therefore is al- 


ways equal. to the height of the pole at that ſame 
place. The means which aſtronomy ſupplies, for 
obſerving the height of the pole, indicate, therefore, : 


che latitude required. 


Aſtronomical obſervations made at. Berlin have 
accordingly informed us, that there the height of 
che pole is 52 31, and hence we conclude that 


che latitude of that city is likewiſe 82* 31, 


This is one very remarkable inſtance to demon- 


ſtrate how the heayens. may aſſiſt us in che attain- 


ment. 
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ment of the knowledge of objects which relate only 
to the earth. 


Ft September, 1761. 


LETTER XLVI. 


Knowledge of the Longitude, from a Calculation of the ' 
e 


I Now proceed to the longitude ; and remark ” 
that, on taking a departure, whether by land or 
water, from a known place, it would be eaſy to aſcer- 
tain the ſpot we had reached, did we know exactly 
: the length of the road, and the direction which we 
| purſued. This might, in ſuch a caſe, be effected 
even without the aid of aſtronomy ; and this obliges 
me to enter into a more particular detail on che 
| ſubject. . e 
. meaſure the length of 'A 170 0 by ret; ve 
| know how many feet go to a mile, and how many 
miles go to an arch of one degree upon the globe: 8 
> thas we are enabled to expreſs | in degrees the diſ- 
tance we have travelled. —_ 


As to the route or direction! in 1 which we travel, 


1 neceſſary accurately to know the poſition of the 5 


meridian at every place where we are. As the me- 
ridian proceeds in one direction toward the north 


Pele a 
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pole, and in the other toward the ſouth; you have 
only to draw, on the horizon of the ſpot where you 
are, a ſtraight line from. north to ſouth, which is 


called the meridian-line of that place. All poſſible 


rare muſt be taken to trace this meridian line very 
accurately, and here the heavens muſt again — 
the office of a made, © > 


Fou know it is mid- day when the ſun is at his 
greateſt elevation above the horizon; or, which is 


the ſame thing, the direction of the ſun is then exact- 


ly ſouth, and the ſhadow of a ſtaff fixed perpendi- 
cularly on a horizontal plane will fall, at that in- 


ſtant, preciſely northward. Hence it is eaſy to 


comprehend, how an obſervation of the ſun may 
furniſh us with the means of accurately tracing a 


meridian line, wherever we may be. D 


Having traced a meridian, every other lrection 


1 very cally determined. 


Let the ftraight | line NS 0 plate 1 4 6. 1 hs the | 
2 meridian, one of the extremities N being directed 
: toward the north, and the other S toward the ſouth. 5 
With this meridian let there be drawn at right 
angles the ſtraight line E W, whoſe extremity E 5 
ſhall be directed toward the eaſt, and the other ex, 
tremity W toward the weſt. Having divided the 
circle into ſixteen equal parts, we thatl] have ſo many 
different directions, denominated according to the 
; letters affixed to them; and in caſe of not purſuing 
a direction which exactly correſponds with ſome _ 
vne of the ſixteen, the angle muſt be marked which 
O 2 that 
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that deviating line of direction makes with the me- 
ridian NS, or with EW, which 1s perpendicular 
Git. 
"= "RE 0 thus we are enabled to „determine exactly 
the direction which we purſue in travelling; and ſo 
long as we are aſſured of the length of the way, and 
of the direction purſued, it will be very eaſy to aſ- 
certain the true place at which we have arrived, and 
| do indicate both its longitude and latitude. We 
3 employ, for this purpoſe, an accurate map, which 
contains the point of departure, and that which we 
5 have reached; and by means of the ſcale, which 
= - gives the quantity of miles or leagues that go to a 
1 degree, it is eaſy to trace, on ſuch map, the track | 
a purſued and completed. 
5 Figure 7. of plate J. repreſents a map, on ; which 
are marked from left to right the degrees of latitude, 
- and thoſe of longitude from top to bottom; it is 
likewiſe viſible, on the face of it, that the meridians. 

_ converge as they approach toward the north, and 5 
retire 1 each other toward the ſouth, as is the ac- 
Oh tual caſe on the globe *. e — 
Ih)!bis map contains part of the ſurface of the earth, 7 
. from the 53d degree of north latitude to the 59th 
5 degree; and from the 1 Ich degree of longitude t to 

i the 26th. 
_ Suppoſe, then, 1 take my departure from the 


* All 5 che author "I in the Gd on this fabjef, is 
— applicable, ſtrictly ſpeaking. only to marine charts; but appa - . 
rently he did not think himſelf obliged to enter into any detail 


on n their particular conſtruction. 5 E. 
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place L, the longitude of which is 16˙, and the lati- 
tude 572, 200, and that I proceed in the direction 
ESE; and have travelled a ſpace of 75 German 
miles. In order to determine the Jongitude and lati- 
' tude of the place I have reached, I draw from the 
place L the ſtraight line I. M, making with the 
meridian 16* 16 the ſame angle, which the direction 

Es E in the preceding figure makes with N. T hen 
on that line I take, according to the ſcale marked 

on the chart, LM equal to 75 German miles, and 


the point M ſhall be the place which 1 have 


ny reached. 
1 have then only to compare this place with he 


. meridians and parallels traced on the map, and I: 
find that its longitude is 245 nearly; and on mea- 


5 ſuring more exactly the part of the degree to be 


added to the 24th degree, I find the lor gitude of the 
point M to be 24 4. As to the latitude, I obſerve 
it to be between the 55th and 56th degree, and, by 
an eaſy computation, I find it to be 55* 25”; fo that 
the latitude of the place M, which. 1 have reached, 5 


ks 59 25% and its longitude 24 4+ 


It has here been ſuppoſed that 1 have invariably 
= purſued the ſame direction ESE, from firſt to laſt: T 
but if I have from time to time deviated from that N 
. direction, T have only to perform the ſame operation 
on Lewy deviation, to find the place where I then _ 
- from this I take a freſh departure, and trace 
_ es till another deviation takes place, and 


— to, on, till : 2 reach my object. By theſe means it 18 1 1 
8 2 abrays 
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5 always in my power, whether travelling by ſea or 


land, to aſcertain the place I have reached; pro- 


vided I know exactly, through my whole progreſs, 

the direction I purſue, and meaſure with equal ac- 

curacy the length of the way. 

We might 3 in this caſe diſpenſe even with the aſ- 
ſiſtance of aſtronomy, unleſs we had occaſion for it 
accurately to determine our direction, or the angle 
which i it makes with the meridian; but the magnetic 

nieedle or . may, in many caſes, ſupply this 

want. 

. muſt be ſenſible, however, cha it is s poſſible 

to make a very conſiderable miſtake both in the 
computation of the direction, and of the length of 
tte way, eſpecially in very long voyages. How | 
often i is it neceſſary to change the direction in tra- 
: velling even from hence to Magdeburg? and how 
is it po ofſible fo meaſure exactly the length of the : 
way? ] But when we travel by land, we are not re- 
duced to this expedient: for we are enabled to mea- 
ſure by geometrical experiments the diſtance of 
places, and the angles which the diſtances make 
with the meridian of. every place; and thus we can 
determine, with tolerable accuracy, t the true ituation | 
of all places. ” 


. $4 September, rakes - 


+ 
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LETTER XLVII. 
Continuation. Defeat of this Method. 
Method Xt obſerving the direction purſued, 


and the length of the courſe, ſeems to be of 
ſingular utility in ſea voyages, becauſe there we are 


not under the neceſſity of deviating from the direc- 


tion every moment, as in travelling by land; for, 


_ the fame wind, we can PROM” in the ſame | 


Pilots are accordingly very attentive in exactly . 
ſerving the courſe of the veſſel, and in meaſuring 5 
the progreſs ſhe has made. They keep an accurate 
1 journal of all theſe obſervations, at the cloſe of every 
day, nay ſtill more frequently; they trace on their 

ſea- charts the progreſs they have made, and thus 
are enabled to mark on the charts, for every period 
of time, the point where they are, and of which they 
conſequently know the latitude and longitude. Ac- 
| cordingly, ſo long as the courſe | 1s regular, and the 
veſſel is not agitated by a tempeſt, good pilots are &- 
dom miſtaken: but when they are in doubt, they have 
recourſe to aſtronomical obſervations, from which 
they diſcover the elevation of the pole; and this being 
? always equal to the latitude of the place where they 
are, they compare it with that which they have 
0 3 marked 
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marked on the chart, conformably to the compu- 


tation of their progreſs. If theſe are found to coincide, 


their computation 1s juſt ; if they diſcover a differ- 
| ence, they conclude with certainty that ſome error 


has been committed, in the computation of the diſ- 


tance, and of the courſe; in that caſe, they re- examine 
both the one and the other more carefully, and en- 
deavour to apply the neceſſary corrections, in order 
to make the computation agree with the obſerva- 
tion of the height of the pole, or of the latitude, 
which is equal to it. 


This precaution may be cem in n ſhort voy- . 


ages, as the « errors committed can in theſe be of no 
great importance; but in very long voyages, theſe 
flight miſtakes may accumulate to ſuch a degree, 5 
that, at laſt, a very g groſs miſtake may be committed, 
and the place where the veſſel actually i is may differ 
_ conſider ably from what | it was 5 ſuppoſed to be on the 5 
chart. „„ 1 


I have hitherto gone on 18 ee i that the 


voy: ge proceeded quietly ; ; but ſhould a ſtorm ariſe, 
during which the veſſel f 's ſubjected to the rudeſt 
concuſſions of wind and waves, it is evident that 

the computation of diſtance and courſe Is entirely 
5 deranged, and that it 1s impoſſible to trace on the 
= chart the progreſs ſhe has made. 


It would be very eaſy, after this derangement, to 


e by aſtronomical obſervations, the latitude 
of the ſhip”: s place; but this would determine only 
5 the parallel of that place, and it : would remain totally 


uncertain 
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uncertain at what point of the parallel ſhe actually 


WAS. 
It is neceſſary, therefore, to diſcover likewiſe the 


longitude of the place, which ſhews us the meridian 


under which it is ſituated; and then the interſection 


of that meridian with the parallel found, will give 


the veſſel's true place. This will make you ſenſible 


of what importance it is to aſſiſt mariners in diſco- | 
vering likewiſe the longitude of the place where 


they are. 
Thi neceſſity i is impoſed not only from the con- 
ſideration of the tempeſts to which navigation is 


liable; Lor it is poſſible, ſuppoſing the voyage to 
proceed ever ſo quietly, to be groſsly miſtaken in 

the computation of both courſe and diſtance. 

Could we ſuppoſe the ſea to be at reſt, it might 


be poſſible to invent various methods of aſcer- 


tiining, with tolerable exactneſs, the way which 

the veſſel has made; but there are rapid currents 5 

in many places of the ocean, which have the 
reſemblance of a river running in a certain di- 
3 rection. Thus it is obſerved, "that the Atlantic : 


ocean has a perpetual current into the Mediterra- 


nean ſea, through the ſtraits of Gibraltar; and that 
the ocean, between Africa and America, has a very 

. conſiderable current from eaſt to weſt, ſo that a voy- 
age to America is performed in much leſs time than 


a voyage from America to Europe. 


_ Were ſuch currents conſtant and well known, we 
| thould have conſiderable aſſiſtance toward forming 
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our calculations: but it has been obſerved, that 


_ 7 =_—_ September, 1761. — 


they are ſometimes more, ſometimes leſs rapid, and 
that they frequently change their direction; which 
deranges the calculations of che moſt ſkilful naviga- 
tors to ſuch a degree, that it is no longer fafe to 


truſt them. We have but too many fatal inſtanees 
of ſhips daſhed on concealed rocks, and loſt, becauſe, 
theſe were computed to be ſtill at a conſiderable dif. 
tance. It was afterwards diſcovered, when too late, 
that theſe calamities had been occaſioned by the cur= 
rents of the ocean, which deranged the calculations 

5 of navigators. e e 


In fact, when the ocean has a current Which 


| makes it flow like a river, following a certain direc- 
tion, veſſels caught in it are carried away imper- 5 
| ceptibly. In a river we clearly perceive that the 
current is carrying us along, by obſerving the banks 
or the bottom: but at ſea no land i 18 viſible, and the 
depth is too great to admit of our making any ob- 
ſervation from the bottom. At ſea, then, it is impoſ- | 
fible to diſcern the currents; and hence ſo many 
> dreadful miſtakes, reſpecting both courſe and diſ- 
": ner. Whether, therefore, we take tempeſts into 
the account, or not, we are always under the neceſt 
fity of falling on other methods of aſcertaining the 
longitude of the places where we may arrive ; and 
of the various methods hitherto employed for ac- 
quiring this knowledge of the longitude, I now pro- 5 
ceed to inform you. | 
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ge! Method of determinis g the Longitude, by Means 


of a an exat? Time Piece. 


e but method of finding the longitude, 


able to affect its motion. 


Suppoſing ſuch a time- piece coultraticd, let us 

ſe 3 in what manner, by means of it, we ſhould be 

enabled to ſolve the problem of the longitude. We 
muſt return, for this purpoſe, to the conſideration of - 
: meridians, which we are to conceive to be drawn 


: through every place on the ſurface of the globe. 


You know that the ſun ſeems to deſcribe every 


day a circle round the earth, and that, of conſe- 


quence, he paſſes ſucceſſively over all the meridians . 


in the ſpace of twenty-four hours. 


| Now, the ſun is ſaid to paſs over, or through a 
given meridian, if a ſtraight line drawn from the 
ſun to the centre of the earth C, (plate J. fg. 8.) 

; paſs preciſely through that meridian. If therefore, 
in the preſent caſe, the line drawn from the ſun to 
the centre of the earth paſs through the meridian 


: N we would ſay that the ſun was in that me- 


1 would be a clock, watch, or pendulum, ſo 
perfect, that is to ſay which ſhould always go ſo f 
equally, and ſo exactly, that no concuſſion hal be | 
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ridian, and then it would be mid-day to all the 

places ſituated under ſuch meridian; but under 

every other, it would not be mid-day at that pre- 
cüſe inſtant; it would there be before noon or after 
. it, every where elſe. 

If the meridian BNA is ſituated to the award 
of the meridian BMA, the ſun, in making his cir- 
cuit from eaſt to weſt, muſt paſs over the meridian 

BNA before he reaches the meridian B MA; con- 
ſequently it will be mid-day under the meridian 
BNA earlier than under the meridian BMA; when 
therefore, it ſhall be mid-day under this laſt: mert- 
dian, mid- day under every other meridian to the 
eaſtward will be already paſt, or it will be afternoon 
with them. On the contrary, it will be ſtill fore- 
noon under every meridian, ſay B DA, ſituated to 
the weſtward, as the ſun cannot reach! it til he has — |} 
paſſed over the meridian BMA. 5 . 
And as the motion of the ſun is regular and uni- . 
1 Horm, and he completes his circuit of the globe, 
that is 360 degrees, in twenty-four. hours, he muſt 
every hour Ceſcribe an arch of 15 degrees. When, 
therefore, it is noon at Berlin, and at every other 
place ſituated under the ſame meridian, noon will 
b already paſt under meridians ſituated to the eaſt- 
ward; and more particularly ſtill under the meri- 
dian ſituated 15 degrees to the eaſtward of that of 
Berlin, it will already be one o clock; under the 
meridian 30 degrees eaſtward, two © clock; eher 
that of 4.5 degrees, three o'clock afternoon, and io 
on. 
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The contrary will take place under meridians 
Rel to the weſtward of that of Berlin; when it 
is noon there, it will be only eleven o'clock forenoon 
under the meridian 15 degrees to the weſtward, ten 
o'clock under the meridian of 30, nine o'clock under 


the meridian of 45 degrees weſtward, and ſo on; a 
difference of 15 degrees between two meridians al- 


ways amounting to an hour of time. 


To elucidate ſtill more clearly what has now been 


remarked, let us compare the two cities Berlin and 


Paris. As the meridian of Berlin is 11* 7” 1 Th 


to the eaſtward of that of Paris, reckoning an | hour 


to 15 degrees, this difference of 11577 1 $ „ will 
5 give 44 minutes and 29 ſeconds of time, or three | 
quarters of an hour nearly. When, therefore, i it is 


mid-day at Paris, 1t will be 44 minutes and 29 fe- 


conds after mid-day at Berlin; and reciprocally, 
when it is mid-day at Berlin, it will only be 15 mi- 
nutes and 31 ſeconds after eleven o'clock at Paris: 
ſo that it will not be noon at this laſt city till 44 | 
minutes and 29 ſeconds afterwards. Hence it is 
| evident that the clocks at Berlin ſhould always be 
. faſter than thoſe of Paris, and that this difference ; 
ought to be 44 minutes and 29 ſeconds. — 
Ihe difference between the meridians of Berlin 
and Magdeburg is 1* 40”, Berlin therefore is to 
the eaſtward of Magdeburg ; ; and this difference 
reduced to time gives 6 minutes and 40 ſeconds, 
which the clocks of Berlin ought to indicate more 
| than that of MII e if i ic is juſt 
now 
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now noon at Magdeburg, and the clocks there, 
which I ſuppoſe well regulated, point to XII. the 
docks at Berlin ſhould, at the ſame inſtant, indicate 


6 minutes and 40 ſeconds after XII, that 1 is, noon 
there is already paſt, 


Hence you ſee, that in proportion as places differ 


in longitude, or as they are ſituated under different 
meridians, well regulated time- pieces ought not to 
point out the ſame hour at the ſame inden, but the 


difference ought to be a whole hour, when that of 
the longitude | 1s 1 5 degrees. 


In employing a time- piece then for aſcertaining 


the longitude of the places through which we pals, 
it woult firſt be neceſſary to regulate | it exactly R 
ſome place where we actually were. This is done 
by obſerving the inſtant of noon, that 1 18 the inſtant 
when the ſun paſſes over the meridian of that place „ 
and the time- piece ought then to point preciſely 0 
K Tt ought afterwards to be adjuſted in ſuch a 
manner, that always after a revolution of 24 hours, 
when the ſun returns to the meridian, the index, after 
having made two complete circuits, ſhould again point 
exactly to NI. If this is carefully obſerved, ſuch well : 
regulated time. pieces will not co- incide in different 
places, unleſs theſe be ſituated under one and the ſame | 
meridian ; but if they are ſituated under different me- 
hk ridians, that is if there be a difference of longitude, the 
time indicated by the clock or watch, at the ſame 
5 moment, will likewiſe be different; at the rate of 
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one whole hour of time for every 15 degrees of 
longitude. 


Knowing then the difference of time, indicated by 
well regulated time- pieces, at different places, and 


at the ſame inſtant, we are enabled exactly to com- 
pute the difference of longitude at theſe two places, 


reckoning always 15 degrees for an hour, and the 


. fourth part of a degree for a minute. 
1 1565 September, 1761. 1 8 


Co ntinuation | al farther Elucidations. 


o will be les furprifed at the Aifference of 
1 time which well regulated time-pieces mult 
5 indicate; under different meridians, when you reflect, 
that while it is noon with us, there are countries 
toward the eaſt, where the ſun | 18 already ſet, and 
that there are others doward the weſt, where he is 
but juſt riſing. i muſt therefore be already night | 
with the one, and ſtill morning with the other, Ar 
the ſame inſtant that it is noon with us... You know, 
| beſides, that with our antipodes, who are under the 
meridian diametrically oppoſite to ours, it is night, f 
while it is day with us; ſo that our noon n correſponds 


85 exactly t to their r midnight. 
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5 LETTERS TO 


It will be an eaſy matter, after theſe elucidations, 
to ſhew how an exact time-piece may aſſiſt us in 
_ diſcovering the difference of meridians, or — of the 
| Jongitude, ; at different places. 5 
Suppoſing me poſſeſſed of ſuch an excellent time- 
piece, which, once exactly regulated, ſhews me every 
day the preciſe time“ it is at Berlin, fo that when- 
ever it is noon at Berlin, 1 it points preciſely to XII.: 
ſuppoſing farther, that it goes ſo regularly, that once 
adjuſted, I have no farther occaſion to touch it, and 

that its motion is not to be deranged either by the 
3 ſhaking of a carriage, or the agitation of a veſſel on 

the ocean, or by any concuſſion whatever to which 
it may be expoſed. 
Provided thus, with a time- piece of this N 2, 
f tion, ] ſet out to travel, whether by land or by ſea; 
perfectly aſſured that, go where J will, its motion 


will be ſtea ady and uniform, as if I had remained at 
115 Berlin: 1 ie will every day point to XII. at the very 


moment it is noon at Berlin, and that, wherever 1 
may happen to be. On this journey, I arrive firſt 
ar Magdeburg: | there 1 obſerve the ſun when he 


paſſes the meridian, and this happens when he i is ex- 


actly ſouth; and it being then noon at Magdeburg, 
I conſult my time-piece, and obſerve it points to 6 
minutes and 42 feconds after XII. whence I con- 


* We WY here — che mean - (in F rench moyen) 


5 time, v hoſe relation to the true time is laid down! in aſtrono- 


mical tables. The author deemet it unneceſſary here to point 

out that diſlinction, as it would have led toa detail too mi- z 
- nate. F, K. | 2 
2 ' _ clude, 
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' clude, that when it is noon at Magdeburg, noon at 


— is already paſt, and that the difference is 


6” 40%, of time, which correſpond to 15 400 of diſ- 


tance; therefore the meridian of Magdeburg is to 
the weſtward of that of Berlin. 1 longitude of : 
Berlin, therefore, being 315 7 15”, the longitude 
of Magdeburg will be 13 * leſs, that is, it will 


be % 27" 15 


T thence proceed to Hamburgh, accompanied by . 
my time-piece, which I never touch; and there ob- 
ſerving when it is noon by the ſun, for I cannot 
depend on the public clocks which there announce 

the bour, I find my time: piece already announces 
— 3 35 ' after XII.; fo that at Berlin noon is paſſed 
15 35” when it is exactly noon at Hamburgh; 

. hence 1 conclude, that the meridian of Hamburgh 

is 3e 23“ 15” to the weſtward of that of Berlin; 


reckoning 15% to an hour, that is one degree for 


9 4 minutes of time; accordingly I find that 
13“ 33” of time give 3* 23” 15” of diſtance, for 


| the difference of the meridians. T he longitude of 
- Hamburgh will be, of courſe, 27 44. 


At Hamburg I go to ſea, ſtill Lane by 


my time- piece, and after a long voyage I arrive at 
a place where, waiting for noon, the moment of - 


5 which 1 aſcertain by obſerving the ſun, I find that 1 
my time· piece indicates only <3 15“ aſter X. ſo 

that then it is not yet noon at Berlin, and the differ- : 

ence of time is 1 hour 1' 45”, from which I con- 

clude, that the place at which I have arrived is to 

the caſtward of Berlin; and as one hour gives 115 

degrees, 
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degrees, one minute of time 1 and 45 ſeconds 


of time 11” 15”, the difference of the meridians 


will therefore be 15 26' 15”, I find then that 1 


am ata place to the eaſtward of Berlin, whoſe lon- 
gitude is greater than that of Berlin by 15* 26 
1 555 3 now the longitude of that city being 31 . 
15 „ the longitude of the place where I am muſt be 
46˙ 33 30%. Thus J have diſcovered under what 
meridian I now am, but I am till uncertain as to 
the point of the meridian. In order to aſcertain this 
I have recourſe to aſtronomical obſervations, and 
find the height of the pole to be preciſely 410. 
Knowing likewiſe that 1 am ſill in the northern he- 
miſphere, as I have not paſſed the equator, I diſco- 
ver that I actually am at a place whoſe latitude i is 
41 north, and the longitude 46* 33 30%. I take 
therefore my globe, « or maps, and trace the meridian 
whoſe longitude is 46˙ 33 30”; I look for the place 
Phoſe latitude is 41*, and at the point of interſection 
Il find J have got to the city of Conſtantinople, with- . 
. having occaſion to apply for Information to ny : 
Y perſon whatever. 5 


Thus, at whatever place of the globe I may ar- 


18 rive, poſſeſſed of : a time-piece ſo exact, Iam able to 
aſcertain the longitude of it, and then an obſervation 
of the height of the pole will ſhew me its latitude. 
All that remains therefore is to take the terreſtria! 
globe, or a good map, andi it will be eaſy for me to 
| aſcertain where I am, however unknown to me 
the country may in other reſpects be. 


K much to be regretted, that artiſts of the 
2 . 
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greateſt ability have hitherto been unſucceſsful i in 


the conſtruction of time-pieces ſuch as I have de- 
ſcribed, and ſuch as the caſe requires. We meet 


with a great many very good pendulum machines, 


but they go regularly only when fixed in undiſturbed 
| ſituations; the ſlighteſt concuſſion is apt to derange 


their motion; they are therefore totally uſeleſs in 


long ſea voyages. It is obvious that the pendulum, 


which regulates the motion, is incapable of reſiſting ” 
the ſhocks to which it is expoſed in navigation. 
About ten years ago, however, an Engliſh artiſt: pre- 
tended that he had conſtructed a time- piece proof 
againſt the motion of a ſhip at fea, and that after 
| having tried it a long time together in a carriage 
on the road, it was impoſſible to perceive the ſlight- 
elt derangement: on which the i inventor claimed, 
and received part of the parliamentary prize pro- 
poſed for the diſcovery of the longitude, and the reſt 
was to be paid, after it had been put to the proof of 
a long voyage. Bur ſince that time we have heard 
no more of it; from which it is to be preſumed 


27 that this attempt too has failed, * many others ” 


5 which had the ſame object in view“. 
1 me. 1761. TE, 


* The Author i 18 hes adhs 3 to Mr. Bente ; . 
_ whoſe marine time-piece has been tried with ſucceſs in England. 
Meſſrs. le Rey and Berthout have, in F runee, approved their 


—— talents in the ſame waye” E. E. | 
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| . LETTER E. 


ag, of the Mom; a 47 bird Method 5 fndng 
n N 2] 


T ROM want of tho exquiſite. time-piece, of 
F which I have endeavoured to give you an 
idea, the eclipſes of the moon have hitherto been 
conſidered as the moſt certain method of diſcover- 
ing the longitude; but theſe phenomena preſent 
themſelves ⁰ rarely, that we have it not in our 
power to employ them ſo often as oceaſion 1 
quires. PN Pet. 
You know that the moon is eclipled, what „ 
= paſſes into the ſhadow of the earth: it is poſſible, 
then, ta obſerve the moment when the moon begins 
to enter into the ſhade, and when ſhe has emerged; 
| the one is denominated the beginning of the eclipſe, 
and the other its end; and when both are obſerved, 
— the mean time betwixt them 18 denominated the 
middle of the eclipſe. The moon is ſometimes 
wholly immerged | in the ſhadow of the earth, and 
remains for ſome time inviſible; this we call a total 
_ eclipſe, during which we may remark the moment 
when the moon entirely diſappears, and that when 
ſhe begins to emerge; the former is called the be- 
. ginning of total darknels, and the latter, the end of 
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it. But when a part only of the moon is obſcured, 


we call it a partial eclipſe, and we can remark only 
the moment of its beginning and ending. You 
know likewiſe that eclipſes of the moon can happen i 


only at the full, and that but rarely. 


When, therefore, an eclipſe of the moon is ob- 
| ſerved at two different places ſituated under differ- 
ent meridians, the beginning of the eclipſe will be 
clearly ſeen at both, and at the fame inſtant, but the 
time: pieces at theſe different places will by no means 
indicate the ſame hour, or any other diviſion of time 
exactly the ſame: I mean well regulated time- 

: Pieces, each of which points preciſely to XII. when 
it is noon at that place. If theſe places are ſituated 
under the ſame meridian, their time- pieces will no 

doubt indicate the ſame time at the beginning and 
at the end of the eclipſe. But if theſe two meri- 
dians are 15 degrees diſtant from each other, that i hy 
if the difference of their longitude be 15*, the time- 
pieces muſt differ a complete hour, from the begin⸗ 
ning to the end of the eclipſe; the time- piece of the 
place ſituated to the eaſtward will indicate one hour 
more than the other; the difference of 30 in lon- 
gitude will occaſion that of two hours in the Ts 
indicated by well regulated clocks or watches; ; and 


ſo on, according to che following table. 
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at e the W of 8 were 150", 
the time-pieces would differ 10 hours from the be- 
a ginning to the end of the eclipſe. e 
Thus when the ſame eclipſe is obſerved at two 
different places, and the moment of its commence- = 
ment is exactly marked on the time-pieces at each, 
it will be eaſy to calculate, from the difference of 
the time indicated, the difference of longitude be- 
tween the two places. Now, that where the time 
is more advanced, muſt be ſituated more toward 
the caſt, and conſequently its longitude greater, as 
longitude | is reckoned from welt to caſt, 


B 


-- 
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By ſuch means, accordingly, che longitude of the 
principal places on the globe have been determined, 
and geographical charts are conſtructed conform- 
ably to theſe determinations. But it is always ne- 
ceſſary to compare the obſervations made, in a 
place the longitude of which was not already known, 
with thoſe which had been made, in a known place, 
: and to wait the reſult of that compariſon. | Wert - 
| I to arrive then, after a long voyage, at an un- 
known place, and an opportunity preſented itſelf 
of there obſerving an eclipſe of the moon; this 
| would, in the firſt inflance, afford me no aſſiſtance. 
toward the diſcovery of the longitude af that place; 
I could not till after my return compare my obſer- 
— vation with another made in a known place, and 
thus 5 ſhould learn too late where I was at that 
time. The grand point in requeſt is, How am I, 
at the moment, to acquire the neceſſary informa- 
5 tion, that I may take my meaſures accordingly ? 
Now the motion of the moon being ſo exactly 
known, it is poſſible to attain this ſatisfaction, for 
we are thereby enabled not only to calculate be- 
ſore-hand all future eclipſes, but to aſcertain the 
moment of the beginning and end, according ©. 
the time-pieces of a given place. You know that 
our Berlin almanacks always indicate the beginning 
and the end of every eclipſe viſible at that city. 
In the view, then, of undertaking a long voyage, IL 
can furniſh myſelf with a Berlin. almanack, and if an = 
a opportunity: preſents itſelf of obſerving an eclipſe 
- P 5 N 


214 ieren e 
of the moon at an unknown place, T muſt mark ex- 
actly the time of it, by a time-piece accurately re- 
gulated by the fun at noon, and compare the mo- 
ments of the beginning and end of the eclipſe with 
thoſe indicated in the almanack, in order to aſcertain 
the difference between the meridian of Berlin, and 
| that waich paſſes through the place where „ 
But beſide the rarity of eclipſes of the moon, 5 
this method is ſubject to a farther inconvenience; 
we are not always able to diſtinguiſh, with fulficiene_ 
; accuracy, the moment of the beginning and end of 
the eclipſe, which comes on ſo imperceptibly that 
a miſtake of ſeveral ſeconds may very eaſily be 
committed. But as the miſtake will be nearly the 
2 ” ſame at the end as at the beginning, we calculate 
1 the middle point of time between the two moments 
n obſerved, which will be that of the eclipſe, and we 
nl atterward compare this with that which is indicated 
by the almanack for Perkin, or for ay other known 
3 Place. : 
= If the almanack fr next year ſhould not t be MY | 
= liſhed, when I ſer out on my voyage, or ſuppoſing 
it to laſt more years than one, there are books con- 
taining. the [<dipley calculated for ſeeral years to 1 
come. To. 
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LETTER LI. 


Obſervation of the Eclipſes of the Satellites oy Jupiter, 


@ Fourth Method f finding the 3 


\C LI P 8 E 8 of the ſun may likewiſe aff in 
' aſcertaining the longitude, but in a way that 
: requires more profound reſearch, becauſe the ſun is 


not immediately obſcured; it is only the interpoſi- 


tion of the body of the moon, which obſtructs the 
tranſmiſſion of his rays to us; as when we employ 
a paraſol to ſhelter us from them, which prevents 
not others from beholding all their luſtre. For the 
moon conceals the ſun only from part of the inhabi- 
| tants of the earth; and an eclipſe of the ſun may be 
— Clearly viſible at Berlin, while at Paris there is no 


interception of his light. 
But the moon ĩs really eclipſed by the ſhadow of 


the earth; her own light is diminiſhed or extin= 
i guiſhed by 1 it; hence the eclipſes of the moon are 
ſeen in the ſame manner, wherever the | is above the 5 


horizon at the time of the eclipſe. . 


It cannot have eſcaped your penetration, that if 5 
chere were other heavenly bodies which, from time 
do time, underwent any real obſcuration, they might 
be employed with ſimilar ſucceſs, as the eclipſes of 
the moon, in aſcertaining the longitude, The fa- 
lte of Jupiter, 1 which paſs ſo e into the 

* 4 ſhadow : 
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ſhadow of their planet, that almoſt every night one 
or other of them is eclipſed, may be ranked in the 
number of theſe, and furniſh us with another excel- 
lent method of determining the longitude. 15 
nomers accordingly employ it with great fucceſs. 
You know that Jupiter has four fatellites, which 
make their revolutions round him, each in his own 
Orbit, as repreſented in the annexed figure (plate II. 
fe. r.) by circles deſcribed round Jupiter, I have 
likewiſe repreſented the fun in this figure, in order. 
to exhibit the ſhadow AOB behind the body of 
Jupiter. You ſee the firſt of theſe ſatellites, marked 
1, on the point of entering into the ſhadow ; the 
ſecond, marked 2, has juſt left it; the third, 3, is 
ſitill at a great diſtance, but approaching to it ; and 5 
the fourth, 4, has left it a conſiderable time ago. 
As ſoon as one of theſe ſatellites paſſes into the 
5 hace, it becomes inviſible, and that ſuddenly ; fo 


pn that at whatever place of the globe you may happen 


to be, the ſatellite which was before diſtinctly viſible, 
diſappears | in an inſtant, This entrance of a ſatellite 
into the ſhadow of Jupiter is denominated immerſion, 
and its departure from the ſhade emer/i ion; when the 
fatellite, which had for ſome time been inviſible, 
fuddenly re-appears. 5 
. immerſions and emerſions are equally adapt 5 
ed to the determination of the longitude, as they 
take place at a decided inſtant; ſo that when ſuch 
a phenomenon is obſerved at ſeveral places of the 
Babe, you muſt bind, in the t time  Jnclicated by the 
time- 
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eime- pieces of each, the difference which exactly 
correſponds to the difference of the diſtance of their 
meridians. It is the ſame thing as if we obſerved 
the beginning or the end of an eclipſe of the moon; 
and the caſe is then involved in no difficulty. For 
ſome time paſt we have been able to calculate theſe 
: eclipſes of the fatellites of Jupiter, that is their im- 

: merſions and emerſions; and we have only to com- 
| pare the time obſerved, with the time calculated for ” 
a given place, ſay Berlin, in order to conclude, at --- 
once, the diſtance of 1 its weridian from that of our 
f . 1 55 5 
4:5 Ts method is 0 prafliſed ircrilly 
mn travelling by land: but the means have not yet 
been diſcovered of profiting by it at ſea, where, 
however, it is of ſtill greater importance for a man 
to know with certainty where he is. Were the ſa- xj 
tellites of Jupiter as viſible to the naked eye as the” 
moon is, this method would be attended with no 
difficulty, even at ſea, but the obſervation cannot be 
| made without a teleſcope of at leaſt four or five 
feet in length, a circumſtance which preſents an in- 
ſurmountable . 
Jou well know that it requires ſome addreſs 1 to 
manage, even at land, a teleſcope of any length, to 
direct it toward the object which you wiſh to con- 
template, and to keep it ſo ſteady as not to loſe the 
object: you will eaſily comprehend, then, that a 
ſhip at ſea, being in a continual agitation, it muſt be 
almoſt impoſſible - to catch Jupiter himſelf; and if 
you 
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you could find him, you would loſe him again in 
a moment. N ow in order to make an accurate ob- 
ſervation of the immerſion or emerſion of one of 
the ſatellites of Jupiter, it is abſolutely neceſſary 
that you ſhould have it in your power to look at 
him ſteadily for ſome time together, and this being 
impoſſible at ſea, we are, to all appearance, con- 
ſtrained to abandon this method of determining the 
longitude. . 
1b inconvenience, however, may be remedied 
two ways; the one by the conſtruction of teleſcopes 
of ſix inches long, or ſtill leſs, capable of diſcovering 
clearly the ſatellites of Jupiter; and there can be no 
doubt that theſe would be more manageable than 


| ſuch as are four or five feet in length. Artiſts are 
actually employing themſelves with ſucceſs i in bring- 
ing teleſcopes of this ſort to perfection; but it- has. 


not yet been proved whether or not it will require 3 
as much addreſs to point them to the object, as 
thoſe which are longer. 


Ihe other way would be to contrive a chair, to. 
be uſed on ſhip-board, which ſhould remain fixed 


and motionleſs, fo a as not to be affected by the agi- 


| ration of the veſſel, It does not ſeem impoſſible 5 


that a dextrovus mode of balancing might effect this. 
In fact, it is not long ſince we read in the public 


prints, that an Engliſhman preten 1 d hs he had 5 


| conſtrued ſuch a chair, and thereupon claimed the 
prize propoſed for the diſcovery of the longitude. 


His claim was well founded, if he indeed confrutted 2 
the 
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the machine, as it would be poſſible, by means of 
it, to obſerve at ſea the immerſions and emerſions 

of the ſatellites of Jupiter, which are undoubtedly 
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very much adapted to the making of this diſco- | 
very: but for ſome time paſt no farther mention 1 
has been made of it. From the whole, you muſt ö ; 
have perceived to how many difficulties the diſco- i 
very of the longirude | is ſubjected. = 1 
2605 Septenter, 1761. | 


Te Motion of the Moon, a F jb Method. 


be viſible ; an unſpeakable advantage, conſidering 


that eclipſes are ſo rare, and that the immerſions 
and emerſions of the ſatellites of Jupiter are of ſuch 

difficult obſervation; there being a conſiderable 
time every year, during which the planet Jupiter is 
not viſible to us, whereas the moon 1s almoſt con- 


ſtancly 1 in view. 


Tou . undoubtedly have already remarked, - 
5 that 5 


\HE heavens furniſh us with one al more 
for diſcovering the longitude without the aſ- 
1 1 of releſcopes, i in which aſtronomers ſeem to . 
place the greateſt confidence. It is the moon, not 
only when eclipſed, but at all times, provided ſhe 
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that the moon riſes every day almoſt three quarters 
of an hour later than the preceding, not being at- 
tached to one fixed place relatively to the ſtars, 


which always preſerve the ſame ſituation with re- 
ſpect to each other, though they have the appear- 
ance of being carried round by the heavens, to ac- 
compliſh every day their revolution about the earth. 
1 ſpeak here according to appearances for it is the 
earth which revolves every day round its axis, while 
” the heavens and the fixed ſtars remain at reſt; 
while the ſun and planets are continually changing 5 
their place relatively to theſe. The moon has like- 
wiſe a motion abundantly rapid from one day to 
another, with relation to the fixed ſtars. 


If you were to ſee the moon to-day near a cer- 


tain fixed ſtar, it will appear to-morrow, at the ſame 
; hour, at a conſiderable diſtance from it, toward the 
eaſt, and the diſtance ſometimes exceeds even 15 
degrees. The velocity of her motion is not always 
the ſame, yet we are able to determine it very ex- 
actly for every day; by which means we can calcu- 
late before-hand her true place in the heavens, for 


every hour of the day, and for any known meridian, . 
. ſay that of Berlin, or Paris. 


Suppoſe, then, that after 6 lone 1 voyage 1 find, 
myſelf at ſea, in a place altogether | unknown, what 


Bi as can I make of the moon, in order to diſcover 
the longitude of the place where I am? ＋ e 
no difficulty with reſpect to the latitude, even a 


| fea, where there are means abundantly certain for 
aſcertaining | 
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aſcertaining the height of the pole, to which the la- 
titude is always equal. My whole attention, then, 
will be directed to the moon; I will compare her 


with the fixed ſtars which are neareſt, and thence 


calculate her true place relatively to them. You 
know there are celeſtial globes, on which all the 
fixed ſtars are arranged, and that celeſtial charts are 


likewiſe conſtructed, ſimilar to geographical maps, 
on which are repreſented the fixed ſtars which ap- 
pear in a certain quarter of the heavens. On tak- _ 


ing, then, a celeſtial chart, on which the fixed ſtars, 
to which the moon is near, are marked, it will be 
an eaſy matter to determine the true place where 


the moon at that time is; and my watch, which I 


have taken care to regulate there, from an obſerva- 


tion of the moment of noon, will indicate to me the 


time of my lunar obſervation. Then, from my 


knowledge of the moon's motion, F: calculate for 

Berlin, at what hour ſhe muſt. appear in the ſame 
place where I have ſeen her. If the time obſerved 

exactly correſpond with the time of Berlin, it will 
be a demonſtration, that the place where I am is 
- preciſely under the meridian of Berlin, and that 
conſequently the longitude i is the ſame. But if the 
time of my obſervation is not that of Berlin, the dif- 


| ference will give that which is between the meri- 


dians; and reckoning 15 degrees for every hour of 
time, I compute how much the longitude of the 
place 1 am at 18 greater or leſs than that of Berlin: # 
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the place where time is more advanced has always 
the greater longitude. 

: This i is an abſtract of the manner of determining 
longitude by ſimple obſervations of the moon. 1 
temark, that the happieſt moments for ſucceſsfully 
performing this operation, and for accurately deter- 
mining the moon's place, are, when a fixed itar 
happens to be concealed behind her body; this is 


_-called occultation, and there are two inſtants. favour- 5 


able to obſervation, that when the moon in her mo- 
tion completely covers the ſtar, and that when the 
ſtar re- appears. Aſtronomers are particularly at- 
tentive to catch theſe inſtants of occultation, f in or- | 
der to calculate from them the mogn 's true place. | 
J foreſee, however, an objection you will proba- 
bly make, reſpecting the time- piece with which I 
| ſuppoſe our navigator provided, after having main- _ 
_ rained the impoſſibility of conſtructing one that ſhall 552 


be proof againſt every agitation of a ſhip at fon. Bur : 
this impoſſibility reſpects only ſuch time- pieces as 
are expected to preſerve a regular motion for 4 hog „ 


time together, without the neceſſity of frequent ad- 
15 juſtment: for as to the obſervations in queſtion, a 
common watch 18 quite ſufficient, provided it g 


- regularly for ſome hours, after having been care- 
fully adjuſted ro the noon. of the place where . 
are: ſuppoſing a doubt to ariſe, whether we could 

= calculate from it the ſucceeding evening or night, 8 
at : the time we obſerve the moon, the ſtars likewiſe 4-5 


. 
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will afford the means of a new and accurate adjuſt- 
ment. For as the ſituation of the ſun, with relation 
to the fixed ſtars, is perfectly known, for any time 
whatever, the ſimple obſervation of any one ſtar is 
ſufficient to determine the place where the ſun muſt 
then-be; from which we are enabled to calculate 
the hour that a well- regulated time- piece ought to 
indicate. Thus, at the very inſtant of making an 
obſervation by the moon, we are enabled likewiſe 
do regulate our time- piece by the ſtars, and every 
time: piece is 7 to 80 a for ſo ſhort. a 


ce. 


29th September, 17 17 761. . 
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4 ounded on lunar obſervations, ſeems to me- 

9 rit he preference, ; as the others are ſubjected to too 
many difficulties, or the opportunities of employing 

them, occur too ſeldom, to be uſeful. And you 
muſt be abundantly ſenſible, that ſucceſs depends 
entirely on the degree of preciſion attained in form- 


| ing the calculation, and chat the errors which may 
= —ä—. ä — be 
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be committed would lead to conchubicns on which 
we could place no dependence. It is of importance, 
therefore, to explain what degree of preciſion we 
may reaſonably hope to be attainable in reducing 
this method to practice, founded on the conſiderable 
change which the moon undergoes, from one day 
to another, in her poſition. It may be affirmed, 
that if the moon's motion were more rapid, it 
would be more adapted to the diſcovery of the 
= longitude, and would procure for us a higher de- 
gree of preciſion, But if, on the contrary, it were 


much ſlower, fo that we could ſcarcely diſcern any 


change of her poſition from day to day, we could 
| derive very little, if any, aſſiſtance from her, ward N 
” the diſcovery of the longitude. _ 
Let us ſuppoſe, then, that the moon changes her 
| place among the fixed ſtars, a ſpace of 12 degrees i in 
24 hours; ſhe will, in that caſe, change it one de- 
gree in two hours, and half a degree, or 30 minutes, 5 


in an hour: if we were to commit a miſtake in ob- 
ſerving the moon 8 place, of 30 minutes, it would 5 


be the - fame thing as if we obſerved the moon an 


: hour earlier or later, and we ſhould commit a miſ- . - 


5 take of one hour in the concluſion, reſpecting the 
| difference of the meridians, Now, one hour's dif- 


ference in the meridians correſponds to 15 degrees 


in their longitude; conſequently, we ſhould be miſ- 
taken 15 degrees in the longitude itſelf of the place 


* look for; which would e g be an error 
Fo | nothing 


A GERMAN PRINCESS, = 225 


nothing about 1 it; and a ſimple computation of the 
dance and the direction, however uncertain, could 


not poſſibly lead to a miſtake ſo very groſs. But 
a man muſt have gone to work in a very ſlovenly 
manner, to commit a miſtake of 30 minutes re- 
ſpecting the moon's place, and the inſtruments which 
he employed muſt have been very bad, a thing not | 


to be ſuppoſed. 


Nevertheleſs, however excellent the a 
may be, and whatever degree of attention may have 


been beſtowed, it is impoſſible to keep clear of all 


error, and he muſt have acquitted himſelf very well 
5 indeed, who has not committed the miſtake of one 
minute in determining the'moon's Place. Now, as 
tit changes half a degree, or 30 minutes, in one hour, 
it will change one minute of diſtance in two minutes 
of time. When, therefore, the miſtake of the : 
| moon's place amounts to no more than one minute, 
the miſtake in the difference of meridians will 
amount to two minutes of time. And one hour, be 
6o minutes, being equivalent to 1 5 degrees of longi- 
” tude, there will reſult from it an error of half a 45 
gree in the longitude, and this point of preciſion = 
| might be ſufficient for every N were it but 


5 attainable. - 
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I have hitherto ſuppoſed « our knowledge of 

18 ths. moon's motion to be ſo perfect, that, for . 
a known meridian, we could determine the moon's 
true place, for every moment, without an error; 
but we are ſtill very far ſhort. ot that point of: 
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perfe@tion. Within theſe twenty years, the error 


in this calculation was more than ſix minutes; and it 
is but lately that the ingenious Profeſſor Mayer, at 


Gottingen, purſuing the track I had pointed out to 
him, has ſucceeded ſo far as to reduce this error to 
leſs than a minute. It may very eaſily happen, then, 
that 1 in the calculation likewiſe, the error of one mi- 
nute may be committed; which, added to that of a 
minute committed in the obſervation of the moon's 
: place, will double that which reſults from it, reſpect- i 
ing the longitude of the place where we are: and, 
: conſequently, i it may poſſibly amount to a whole de- 
| gree: it is proper farther to remark, that if the 
moon in 24 hours ſhould change her relative ſituation 
more than 12 degrees, the error in the longitule 
would be leſs conſiderable. The means may perhaps . 
be diſcovered of diminiſhing ſtill farther: the errors 
into which we are liable to fall, in the obſervation and 
die the calculation; ; and then we ſhould be able to a. 
certain the longitude to a degree, or leſs. Nay, we 
ought not to deſpair of attaining a ſtill higher . 
gree of preciſion. We have only to make ſeveral _ 
oObſervations, which can be eaſily done by remaining 
| ſeveral days together at the ſame place. Itis not to 
be apprehended, in that-caſe, that all the concluſions 
| ſhould be equally defective; ſome will give the 
longitude ſought too great, others too ſmall, and . 
: ſtriking 4 medium between all the eoncluſions, 88 
may reſt aſſured that this longitude will not be one 
degree removed from the crutch, 


A GERMAN PRINGESS; 227 


The Engliſh nation, generouſly diſpoſed to en- 


gage genius and ability 1 in this important reſearch, 


has propoſed three prizes, for aſcertaining the longi- 
tude, one of J. 10,000, one of J. 15,000, and one of 
L£.20,000. The firſt of theſe is to be beſtowed on 
the perſon who ſhall determine the longitude to a 
degree, or about it; ſo as to give perſect aſſurance 
that the error ſhall not exceed one degree at men: 
The ſecond is to be given to him who ſhall diſcover 
a a method ſtill more exact, ſo as that the error ſhall 
never exceed two thirds of a degree, or 40 minutes. 
The higheſt prize is deſtined to the man who ſhall 
aſcertain the longitude ſo exactly that the error ſhall 
never exceed half a degree, or 30 minutes: and 2 

| higher degree of preciſion | is hardly to be expected. 
No one of theſe prizes has hitherto been allotted: 
I do not take into the account the gratification be- 

| owed on the artiſt who pretended to it from his 
conſtruction of perfect time- pieces. Mr. Mayer 14 
at this moment claiming the higheſt, and I think he 1 


is entitled to 1. 
a Oaober 1764, 
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LETTER LIV. 


| On the Mariner 's Compaſs, and the Properties 7 the 
3 Needle. 


ob are by this time HalllGently. Been re- 
ſpecting the diſcovery of the longitude: I 
have. had the pleaſure of explaining the various 
methods which have been e for the deter- 5 
mination of! 8 
The firſt, and moſt natural, is ; carefully to obſerve 
the quantity of ſpace which we have gone over, and 


the direction in Which we moved; * the currents 


and tempeſts 1 to which {ea-voyages a are e ren- 
der this method impracticable. 
I The ſecond requires the confirudiion of a time - 
piece ſo perfect as to go always uniformly, notwith- 


ſtanding the agitation of a ſhip at ſea; which no . 


tilt has hitherto been able to accompliſh.” © 
The third is founded i on obſervation of the eclip- 


- es of the moon, which would completely anſwer 


every purpoſe, 1 were not opportunities of employing 
it too rare, and leaſt | in our power, when the neceſſity 
may be moſt urgent. | 
The fourth refers to the eclipſe of the fatellites of 
Jupiter, which would anſwer the purpoſe extremely 
: well, had we the means of exmployuug, : at ſea, tele- 
SE | ſcopes 
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ſcopes of « a certain deſcription, without which they 


are inviſible. 
Finally, obſervations of the moon herſelf furniſh a 


fifth method, which appears the moſt practicable, 


provided we were able to obſerve the moon's place 
in the heavens ſo exactly, that the error in calcula- 
tion (and error is unavoidable) ſhould never exceed 
one minute, in order to be aſſured that we are not 
miſtaken above one degree | in the determination. of 


the longitude. 


To one or the other of theſe five methods, per- 
. ſons engaged in this reſearch have chiefly directed 
their ſpeculations; but there is {till a ſixth, which | 
ſeems likewiſe adapted to the ſolution of the pro- 
2 blem, were it more carefully cultivated; and will 
perhaps one day furniſh us with the moſt certain 
method of diſcovering the longitude; though | as 


yet we are far, very far, ſhort of it, 


5 It is not derived from the heavens, but! is hes 
to the earth ſimply, being founded on the nature of 
the magnet, and of the compaſs. The explication 
of it opens to me a new field of 1 important phyſical 
obſervation, for your amuſement and inſtruction, 
on the ſubject of magnetiſm, and ; fatter myſelf - 
you will attend with delight and improvement to the 
| elucidations which I am going to ſuggeſt. — 
My reflections ſhall be directed only to the main 
ſubject of our preſent reſearch, I mean the diſcovery 
of the longitude. I remark, in general, that the 


| magnet i is a a ſtone which has the quality of attracting - 
iron, 
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iron, and of diſpoſing itſelf in a certain direction; 
and that it communicates the ſame quality to iron 
and ſteel, by rubbing, or ſimply touching them with 
a magnet; propoſing aſterwards to enter into a more 
minute diſcuſſion of chis quality, and to explain the 
| nature of it. 
I begin, then, with the deſcription of a magnetic 
needle, which, mounted in a certain manner, for the ; 
uſe of mariners, is denominated the compaſs. 
: For: this purpoſe, we provide a needle of good 
ſteel, nearly r:ſembling hg. 2. of plate I. one ex- 
tremity of which B terminates in a point, the better 
to diſtinguiſh ; it from the other A; ir is furniſhed at 


the purpoſe of placing the needle on a pivot or point 
: D, as may be ſeen in the ſecond figure. 5 - 
he two ends are adjuſted in ſuch a manner, that 
5 che needle, being i in perfect equilibrium, can revolve 
freely, or remain at reſt, on the pivot, in whatever 
ſtituation it may be placed. Before the magnet is 
applied, it would be proper to teinper the needle, in 
order to render it as hard as poſſible; then by rub- 
bing or touching it with a good loadſtone, 1 it will | in- 
ſtantly acquire the magnetic virtue. The two ex- 
| tremities will no longer balance each other, but the 
one D will deſcend, as if it had become heavier; and 
in order to reſtore the equilibrium, ſomething muſt 
be taken away from the extremity B, or a ſmall 
weight added to the end A. But the artiſts, fore- 
- ſeeing. this: change wn by magnetiſm, make 
the 
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the end B originally lighter than the end A, that the 
magnetized needle may of itſelf aſſume the horizon- 
tal poſition. - 

It then acquires another property ſill much more 
remarkable; it is no longer indifferent to all ſitua- 
tions, as formerly; but affects one in preference to 
every other, and diſpoſes itſelf in ſuch a manner 
that the extremity B is directed to the north nearly, * 

and the extremity A toward the ſouth; and the 
direction of the magnetic needle correſſ ponds almoſt | 
with the meridian line. VVV 
Jou recolle& that, in order to trace a meridian 
line, which may point out the north and the ſouth, it 
is neceſſary to have recourſe to aſtronomical obſer- 
vations, as the motion of the ſun and ſtars determines 
that direction; and when we are not provided _ 
the neceſſary inſtruments, and eſpecially when the ſky 
is overclouded, it is impoſſible to derive any aſſiſt- 
ance from the heavens toward tracing the meridian 
line; this property of the magnetic needle is, there- 
fore, ſo much the more admirable, that i it points out, 
at all times, and in every place, the northern direc- 
tion, on which depend the others, toward the eaſt, 
ſouth and weſt. For this reaſon the uſe of the mag : 
netic needle, or compals, i is become univerſal. 
It is in navigation that the advantages, reſulting = 
from the uſe of the compaſs are moſt conſpicuous; ge 
it being always neceſſary to direct the courſe of a 
veſſel toward a certain quarter of the world, in order 
do reach a Place propoſed, canformably to geogra- 
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be might be going another. The compaſs, then, is 
— the Þ* ineipal guide 1 in navigation, and i it was not till 
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phie or marine charts, which indicate the es 
in which we ought to proceed. Before this diſco- 
very, accordingly, it was impoſſible to undertake 
long voyages; the mariner durſt not loſe ſight of the 
coaſt, for fear of miſtaking his courſe, unkels the ky 

was unclouded, and the ſtars pointed out the way. 
A veſſel on the wide ocean, without the know- 
| 15 of the proper courſe, would be preciſely in 
the ſtate of a man who, with a bandage over his 
eyes, was obliged to find his way to the great church 

0 Magdeburg; imagining he was going one way, | 


afcer this important diſcovery that men ventured 
 aciols the ocean, and attempted the diſcovery of a 
new world. What could a pilot do, without his 
compaſs, during or after a ſtorm, when he could 
_ derive no aſſiſtance from the heavens? Take what- = 
ever courſe he might, he muſt be 1 ignorant in what 
direction he was proceeding, north, ſouth, or to any 
\ other quarter. He would preſently deviate to ſuch a 
degree, as infallibly to loſe himſelf. But the com- 
paſs immediately puts him right; from which you 


will be enabled to judge of the importanc e e, 


5 diſcovery of the magnetic : needle, or mariner 8 com- 1 
pam 3 


6˙ baue, 1761. 5 
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LETTER LV. 


Declination of the Compaſs, and Manner of obſerving it. = 


\HOUGH the magnetic needle affects the 
| fituation of being directed from ſouth to 
nvech, there are accidental cauſes capable of derang- 
ing this direction, which muſt be carefully avoided, 
Buch are the proximity of a loadſtone, or of 1 iron, or 
ſteel. You have only to preſent a knife to a mag- 
netic needle, and it will immediately quit its natural 
direction, and move toward the knife; and, by draw- 
ing the knife round the needle, you will make 1 it aſ- 
ſume every poſſible direction. In order to be aſ- 
ſüured, then, that the needle is in its natural direction, 
you muſt keep at a diſtance from it all iron or ſteel, 
as well as magnets; which is ſo much the more eaſy, 
that theſe ſubſtances influence its direction only when 
- very near it: once removed, their effect becomes 
- inſenſible, unleſs i in the caſe of a a very powerful mag 
net, which might poſſibly act on the needle at the 


diſtance of ren foer.” 
But! iron alone produces not this effect, as the com- 


5 paſs may be uſed to advantage even in iron mines. 
Tou are pertectiy ſenſible, that under ground, in 
mines, we are in the ſame condition as at ſea, when 
— face of heaven! ts overclouded, and that it is ne- 
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ceſſary to drive mines in a certain direction. Plans 


are accordingly conſtructed repreſenting all the 


tracks hollowed out in the bowels of the earth, and | 


this operation is regulated merely by the compaſs: 


this is the object of the ſcience denominated ſubter- 
terraneous ge eometry. 


To return to our compaſs, or magnetic needl 6 7 


have remarked that it's direction is only almoſt 

northeriy; it is therefore incorrect to ſay that the 

magnet has the property of always pointing north. 

| Having employed myſelf | in the fabrication of many 
magnetic needles, I ever found that their direction 
- i Berlin deviated about fifteen degrees from the 


"me meridian line; now, an aberration of 15% is 
very conſiderable. : 


Figure 3, plate II. repreſents, firſt, the true meri- 


| dian line drawn from north to ſouth; that which is 
drawn at right ang gles with it indicates the eaſt, to 
the right WY 3 the weſt, to the left. Now the 
magnetic needle AB does not fall on the meridian, 
but deviates from it an angle of 15%, BO north. 
This angle i is denominated the declination and ſome- 
times the. variation of the compaſs or magnetic 
needle: and as. the extremity B, neareſt the north, 


deviates toward the veſt, we fay, the declination | is 
15 be weſterly. 3 


Having canis determined the declination of the 


magnetic "needle, we can make 1 it anſwer the fame 


purpoſe as if it pointed directly north. The needle 


3 uſually incloſcd in circle, and you have only to 


mark 
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mark on it the due north at the exact diſtance from 


the northern extremity of the needle, ſo as to make 


a declination of 15* weſtward, and the line north- 
fouth will indicate the true meridian line, and enable 


us to aſcertain the four cardinal Points, x north, eaſt, 
ſouth and weſt. 


The better to diſguiſe the ſecret, the magnetic 
needle is concealed in a circle of paſte board, as re- 
preſented i in the figure, only the needle is rendered 

| inviſible, the paſteboard covering it, and forming but 

one body with it, the centre of which is placed en | 
a pivot, in order to admit of a free revolution; it 


aſſumes of courſe a ſituation ſuch that the point 


marked north | 18 always directed to that point of the 
horizon; whereas the needle, which ! is not ſeen, in 
effect deviates from it 15* to the weſt. This con- 
ſtruction ſerves only to dif ouiſe the declination, which 
denke vulgar conſider as a defect, though it be rather 
an object worthy of admiration, as we ſhall after- 
_ wards ſee; and the paſteboard only increaſing the 
weight of the needle, prevents its turning ſo freely 


: as if! it were unencumbered. 


. remedy this, and more commodiouſlyt to em- 
. ploy the compaſs, the needle is depoſited in a cir= 
cular box, the circumference of which, divided into 
360), exhibits the name of the principal points of the 

| horizon. In the centre is the pivot or point which ſup- 
Ports the needle, and this laſt immediately aſſumes a 


certain direction; the box is then turned till the north- 


ern extremity of the needle B exactly correſponds with _ 
the fifteenth degree on the circumference, reckoning _ 


from 
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from the north weſtward; and then the names 
marked will agree with the real quarters of the 
Worn: e 
At ſea, however, they employ needles caſed in 
circles of paſteboard, the circumference of which is 
divided into 360 degrees, to prevent the neceſſity 
of turning round the box; then the paſteboard 
circle, which is called the compaſs, indicating te 
real quarters of the world, we have only to refer 8 
it the courſe which the ſhip is ſteering, in order to 
aſcertain the direction, whether north or ſouth, 
eaſt or weſt, or any other intermediate point. By 
the compaſs likewiſe we diſtinguiſh the winds, or 
the quarters from which they blow, and from the 
Points marked on it their names are impoſed. It 
is neceſſary, at any rate, to be perfectly aſſured of 
ne declination or variation of the compaſs; we 
have found it to be exactly 1 8 weſtward here at 
Berlin; but it may be different at other places, as I 
ſhall afterwards de monſtrate. 
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EEFTER EVI. 


Difren in tbe Beastie of the G ves at the 
Jame Place. 


place. 


from being able to predict it with certainty. 


Beſides, it is well know that prior to the year 


i 1670, the declination v was in i the contr rary di rection, 5 


HEN T fay that the e of the 
compaſs i is 15 degrees weſtward, this is to 
be underſtood as applying only to Berlin, and the 
8 preſent time; for it has been remarked, that not 
5 only is this declination different at different places 
of the earth, but chat! it varies, with time, at the lame . 


E magnetic declination is ; accordingly 1 
greater at Berlin now, than it was formerly. I re= 
cCollect the time perfectly when it was only 10; and 
1 in the laſt century there was a period, when there 
was no declination, ſo that the direction of the mag- 
netic needle co- incided exactly with the meridian 
mine. This was about the year 1670; ſince then 
| the declination is become progreſſively greater to- 
| ward. the weſt, up to 15?, as at this day: and there 
18 every appearance that it will! go on diminiſning, 
till it is again reduced to nothing. I give this, 
however, merely as conjecture, for we are very far 
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that is, toward the eaſt; and the farther back we go, 
the greater do we find the declination eaſtward. 


Now, it is impoſſible to go farther back than to the 
period when the compaſs was diſcovered; this hap- 
pened in the fourteenth century; but it was long 
after the diſcovery before they began to obſerve the 
declination at Berlin; for it was not perceived at 
firſt chat the needle deviated from the meridian 
_ ne. | 


But at London, where this ſobject has been more 


carefully ſtudied, the magnetic declination, | m the 
year 1580, was obſerved to be 1 1 eaſt; in 
1622, 6* & eaſt; in 1634, 4* 'F: eaſt; in 1657 
there was no declination; but in 1672 it was 2%. 
30“ weſt; in 1692, 6* of weſt; and at Preſent i it 
may probably be 18 degrees weſt or more. ene 
fee, then, that, about the beginning of the laſt cen- 

tury, the declination was nearly 8 degrees eaſt: that 
thenceforward i it gradually diminiſhed, till it became : 
imperceptible in the year i657; ; and that ſince, it 
has become weſterly, gracually. increaſing up to the 
preſent time. h 


It has preſerved nearly the ſame order at Paris; 


5 but there it was reduced to nothing in 1666, nine 

years later than at London: hence you will obſerve . 
a moſt unaccountable diverſity of declination; re- 
: latively to different places of the earth, at the ſame 
time, and to the ſame place, at different times. 


At preſent, not only through all Europe, but 


through all Africa, and the greateſ part of Aſia, 1 
| deci — 
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declination is weſterly, in ſome places greater, in 
others leſs, than with us. It is greater in certain 
countries of Europe than at our capital; namely in 
Scotland and in Norway, where the declination 
conſiderably exceeds 20; in Spain, Italy, and 
Greece, on the contrary, it is leſs, being about 12 
on the weſtern coaſts of Africa it is about 10*, and | 
on the eaſtern 12% But as you advance eaſtward 
into Aſia it progreſſively diminiſhes, till it entirely 
diſappears in the heart of Siberia, at Jeniſeiſk; it 
diſappears too in China, at Pekin, and at Japan; 
but beyond theſe regions, to the eaſtward, the de- 
clination becomes eaſterly; and goes on increaſing . 
in this direction, along the north part of the Pacific | 
Ocean, to the weſtern coaſts of America, from 
which it proceeds gradually diminiſhing, till it 
again diſappears in Canada, Florida, the Antilles, | 
and toward the coaſts of Brazil. Beyond theſe 
po countries, toward the eaſt, that is, toward Europe 
„ ee Africa, it again becomes weſterly, as 1 ä 
es already remarked. | _ 
In order to attain a perfect knowledge of the U 
preſent ſtate of magnetic declination, it would 6E 
neceſſary to aſcertain for all places, both at land 
and ſea, the preſent ſtate of magnetic declination, 
and whether its tendency is e , or eaſtward. 
This knowledge would be undoubtedly extremely | 
uſeful, but we dare ſcarcely hope for it. It would 
require men of ability, in every part of the globe, 
employed, : at | the ſame time, | in obſerving, each on 
CCL eee bis 
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his own ſtation, the magnetic declination, and who 
ſhould communicate their obſervations with the 
utmoſt exactneſs. But the ſpace of ſome years 
would elapſe before the communications of the 
more remote could be received; thus the kxnow- 
ledge aimed at is unattainable till after the ex- 
piration of years. Now, though no very conſider- 
able change takes place i in the direction of the mag- 
netic reviſe in two or three years, this change, 
however ſmall, would however prevent the attain- 
ment of compleat information reſpecting the pre- 
ſent ſtate of the various declinations of the mag- 
netic needle, from obſervations made, at the fame 
time, in the different regions of the globe. 1 85 
The ſame thing holds with reſpect to times paſt; | 
to every year correſponds a certain ſtate of mag- 
netic declination Proper to itſelf, and which diſ- 
tinguiſhes! it from every other period of time, paſt 
* future. It were, however, ſincerely to be wiſn- 
ed, that we had an exactly detailed ſtate of the de- 
clination for one year only; the moſt important 
eelucidations of the aden would certainly be de- N 
rived from it. 


* he late Mr. Halley, a lcd Engliſh 50 : 
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founding his concluſions on a great number of 
obſervations made at different places, both by land 


— — — — — - _ 


tricts, where theſe obſervations were not made, are 
not taken i into his account, moſt of thoſe which he 


= 


nomer, has attempted to do this for the year 1700, 


: and ſea; but beſide that ſome very conſiderable diſ- 3 
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has employed, were made ſeveral years prior to 
1700; ſo that at this era the declination might 
have undergone very conſiderable alterations. It 
follows, that this ſtatement, which we find repreſent- 
ed on a general chart of the earth, muſt be conſider- 
ed as extremely defective; and, moreover, what 
would it now avail us to know the ſtate of magnetic 


declination for the year 1700, having fince then un- 


dergone a conſiderable change? 

Other Engliſh geographers have produced, poſ. 
terior to that period, a ſimilar chart, intended to re- 
preſent all the declinations, ſuch as they were in the 
year 1744. But as it has the ſame defect with that 
of Mr. Halley; and : as they likewiſe were unable to 
procure obſervations from ſeveral countries on the 
globe, they did not ſcruple to fill up the vacant 


places, by conſulting Haley s chart, which certainly = 


could not apply to 1744. Youwill conclude, from 


what I have ſaid, that our knowledge of this im- 


portant branch of phyſics is Kill extremely im- 
perſect. 5 


1 
£ 5 our, 1761. 5 . 
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Char? of Bae Method of employing it for the 
Di Yeouery of the Longitude. | 


TT may be proper, like wife, to explain in | Was 
1 manner Hally proceeded to repreſent the mag- 
- netic declinations, in the chart which he conſtructed 
for the year 1700, that if you ſhould happen to fee 
it, you may comprehend its ſtructure. 
Firſt, he marked, at every place, the A en 5 
f the magnetic needle, ſuch as it had been there 
obſerved. He diſtinguiſhed, among all theſe places, 
thoſe where there was no declination, and found 


Ine of no declination, as every where under that 
line there was then none. This line was neither a 


that they all fall | in a certain line, which he calls the 


meridian nor a parallel, but run in a very oblique 5 
15 direction over North America, and left it near the 


coaſts of Carolina; | thence it bent its courſe acroſs 


the Atlantic ocean between Africa and America. 
Beſide this line he diſcovered likewiſe another, mn 
which the declination diſappeared; it deſcended 


| through the middle of China, and paſſed from thence 
through the Philippine iſtes and New Holland. It 
is eaſy to judge, from the track of theſe two lines, 
that they have a communication near both pales of 
=_ PE globe. 2 — 
5 | ” Tana 
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| Having fixed theſe two lines of no declination, 
Mr. Halley remarked that, every where between the 
firſt and laſt, proceeding from weſt to eaſt, that is 
. through all Europe, Africa, and almoſt the whole of 
Aſia, the declination was weſterly ; and that on the 
other ſide, between thoſe lines, that is, over the 
whole Pacific ocean, it was eaſterly. After this, he 
obſerved all the places in which the declination was 
- degrees weſt, and found he could ſtill conveniently 
draw a line through all theſe places, which he calls 
the line of five degrees weſt, He found likewiſe 
two lines of this deſcription, the one of which ac- 
ceompanied, as it were, the firſt of no declination, 
and the other the laſt. He went on in the ſame 
| manner with the places where the declination was 
5 afterwards 15, 20, &c. and he ſaw that theſe 
lines of great declinaton were confined to the polar 
regions; whereas thoſe of ſmall declination encom- 
paſſed the whole globe, and Paſſed. through. the 5 
equator. mw 
In fat, the declination ſcarcely ever exceeds 
15 on the equator, whether weſt or eaſt; but on 
approaching the poles, it is poſſible to arrive a 
places, where the declination exceeds 58? and 60%. 
There are undoubtedly ſome, where it is ſtill greater, + 
EE exceeding even 90*, and where the northern extre- 
mity of the needle will conſequently turn 1 about and 
e Point ſouthward. _ 
Finally, having drawn ſimilar lines through the ; 
- * Where the — was eaſtward 10*, 15% 
R 2 20? f 
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20”, and ſo on, Mr. Halley filled up the whole chart, 
- which repreſented the entire ſurface of the earth, 
under each of which lines the declination is univer- 
fally the fame, provided the obſervations are not 
erroneous. Mr. Halley has, accordingly, ſcrupulouſly 
abſtained from continuing fuch lines beyond the ; 
| Places where obſervations had actually been made: 

* this reaſon the e Pan's of bis chart! is a 
blank. . 

Had we e fich a chart, accurate and complete, 1 we 
ſhould ſee, at a glance, what deelination muſt have 
predomin ted at each place, at the time for which 

the chart was conſtructed; and though the place, i _— 
7 queſtion, ſhould not be found preciſely under one of 
the lines traced on the chart, by comparing it with 
the two lines between which it might be fituated, 
we could eaſily calculate the intermediate declina- 
tion which correſponded to it. If I found my pre- 
fent place to be between the lines of 10˙ and 15˙ 
ol weſtern declination, I ſhould be certain that the 
© declination there was more than 10° and leſs than | 

5 and according as I might be nearer the one or 

the other, 1 could eaſily find the juſt medium, 
— which would indicate the true declination. 
From this you will readily comprehend, that if e 
we had ſuch a chart, thus exact, it would aſſiſt us in 
diſcovering longitude, at leaſt for the time to which 
it correſponded. In order to explain this method, 
let us fuppoſe that we are poſſeſſed of a chart con- 
ſtructed for the Te] youre: we ; would: ſee on it, 
1 3 "+> mts 
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firſt, the two lines drawn through the places where 
there is no declination; then the two where it is 5% 
10˙ù 15%, 20˙ both eaſt and weſt: let us farther ſup- 
poſe that, for the greater exactneſs, theſe lines were 
drawn from degree to degree, and that I found my- 
fell at a certain place on ſea, or in an unknown 
country, I would in the firſt place draw a meridian 
Hine, in order to aſcertain how much my compaſs 
deviated from it, and I ſhould find, for example, 
that the declination 1 is preciſely 10˙ eaſt; 1 thould 
then take my chart, and look for the two lines under 
which the declination j is 10? caſt, fully aſſured that 
Iam under the one or the other of theſe two lines, 
which muſt at once greatly relieve my uncertainty. 
Finally, I would obſerve the height of the pole, 
which being the latitude of my place, nothing more 
would remain but to mark, on the two lines men- 
ſtionea, the points where the latitude i is the fame with | 
| a which I have juſt obſerved; and then all my 
uncertainty 18 reduced to two points very diſtant 
from each other; now, the circumſtances of my 
voyage would eaſily determine which of thoſe 1 W 
Places is that where I actually am. 
You will admit that if we had charts ſuch as 4 
have deſcribed, this method would be the moik 
commodious and accurate of all, for aſcertaining 
the longitude: but this is preciſely the thing we 
wants and as we are ſtill very far from having it in 
mn; power to conſtruct one for the time paſt, hich. 
3 would be of no uſe for the preſent time, for v want of 
LE = 3 „ 
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a ſufficient number of obſervations, we are ſtill leſs 
inſtructed reſpecting all the changes of declination 
which every place undergoes in the lapſe of time. 
The obſervations hitherto made aſſure us, that eer- 
tain places are ſubject to very conſiderable varia- 
tions, and that others ſcarcely undergo any, in the 
fame interval of time; which ſtrips us of all hope - 


ever being able to profit by this method, however 
; excellent | it may be 1 in irſelf, 


_ 7th Otter, 1 761 . 
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| Wh does the Magnetic Needle aff, i in every Plhes „ 
the Earth, a certain Direction, differing in di ifferent 


Places; and for what Regfon does it change, 6 wit þ : 
Tine, at the fone Place | 3 | 


, "O U will 3 have the curiofity te 
be informed, why magnetic needles affect, at 


every ag on the globe, a certain direction; why yy 


this direction is not the ſame at different places; : 
and why, at the ſame place, it changes with the 
cCourſe of time? 1 ſhall anſwer theſe important en- 
quiries to the beſt of my ability, though I fear not 
ſo much to your lacisfaction. as J could wiſh. 8 
= 
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only their form, contrived to balance and revolve 
_ on a pivot, which renders it more conſpicu- 


The loadſtone, ſuſpended by a thread, turns 
wud a certain quarter, and when put in a ſmall 


veſſel to make it ſwim on water, the veſſe] which 


ſupports the loadſtone will always affe& a certain 
direction. Every loadſtone fitted with two oppoſite | 


points, the one of which is directed to the north, 


5 and the other to the ſouth, will be ſubject to the 


5 fame variations as the magnetic needles, 


N Theſe points are very "remarkable in all load- 
tones, as by them | iron 18 attracted with the greateſt 


i force, 
They are denominated the poles of i a loadfioas; a 


HE term borrowed from that of the poles of the earth 
or of the heavens; becauſe the one has a tendency 
toward the north and the other toward the ſouth 
pole of the earth; but this is to be underſtood as 
only almoſt, not exactly, the caſe; for when the 
name was impaſed, the declination had not yet 
been obſerved, That pale of the loadſtone which 
= - directed nothward i 18 called it's north pole, anu - 


8 that which points ſouthward it's ſouth pole. - 


Ihhave already remarked, that a magnetic needle, 
as well as the loadſtone itſelf, aſſumes this ſituation, 
which appears natural to it, only when removed from 
the vicinity of another loadſtone, or of iron. When 
es magnetic needle is placed near a loadſtone, it's 


R 5 Grvation, 


I remark, firſt, that magnetic needles: have this | 
property in common with all magnets, and that it is 
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ſituation is regulated by the poles of that loadftone ; 
ſo that the nod pole of the loadſtone attracts the 
ſouthern extremity of the needle, and reciprocally 
the. ſouth pole of the loadſtone the northern ex- 
tremity of the needle. For this reaſon, in referring 
one loadſtone to another, we call thoſe the friendly 
poles which bear different names, and thoſe the 
hoſtile which have the ſame name. This property : 


18 ſingularly remarkable on bringing two loadſtones 


near each other: for then we find that not only 
do the poles of different names mutually attract, 
but that thoſe of the ſame name ſhun and repel each | 
other, This is till more conſpicuous when two 


magnetic needles. are brought wake: the {phere of _ 
mutual influence. e 


In order to be ſenfible if this, it is ; of mach im- 
portance to conſider the ſituation which a magnetic 
| needle aſſumes in the vicinity of a loadftone. e 
I) he bar A B, ( plate II. fig. 4. ) repreſents a load- ö 
ftone, whoſe north pole is B, and the ſouth pole A 
you ſee various poſitions of the magnetic needle, 
under the figure of an arrow, whoſe extremity 
marked þ is the north pole, and a, the ſouth. In 
all theſe poſitions, the extremity þ of the needle is 
directed toward the pole A of the loadſtone; and 
the extremity 4 to the pole B. The point c in- 
dicates the pivot on which the needle revolves; and 
you have only to conſider the figure with ſome at- 
tention, in order to determine what ſituation the 


needle will aſſume, in whatever poſition round ww 4 


toadſtone che pivot 6 1 fixed, LE On 
3 — — 


— — ___lk.___ 1 
3 7 — 7 ö 
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If there were, therefore, any where a very large, 
loadſtone A B, the magnetic needles placed round it 
would affume, at every place, a certain ſituation, as 
we fee actually to be the caſe round the globe. 
Now if the globe itſelf were that loadſtone, we 
ſhould comprehend why the magnetic needles every 
where aſſumed a certain direction. Naturaliſts, ac- 
cCordingly, in order to explain this phenomenon, 
maintain that the whole globe has the property of a 
magnet, or that we ought to conſider it as a pro- 
digious loadſtone. Some of them allege, that there 
is at the centre of the earth a very large Joadftone 
which has exerciſed it's influence on all the mag- 
netic needles, and even on all the loadſtones, which 
are to be found on the ſurface of the earth; and that 
it is this influence which directs them in every place, 
conformably to the directions which we obſerve 
them to aſſume. „„ | 
But there is no occaſion to have att W 1 
| loadftone concealed in the bowels of the earth. It's 1 
1 
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ſurface is ſo repleniſned with mines of iron and 
loadſtone, that their united force may well ſupply 


the want of this huge magnet. In fact, all load. 1 
ſtones are extracted from mines, an infallible proof „„ li k 
that theſe ſubſtances are found in great abundance | 
in the bowels of the earth, and that the union of all 5 1 
their powers furniſhes the general force, which pro- { 
| 


duces all the magnetical phenomena. We are likewiſe f 
enabled thereby to explain, wherefore the magnetic a 
| declination changes, with time, at the fame Fee; 

for 
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Kinkthon is regulated by the poles of that adidas; 
ſo that the north pole of the loadſtone attracts the 
ſouthern extremity of the needle, and reciprocally 
the. ſouth pole of the loadſtone the northern ex- 
tremity of the needle, For this reaſon, in referring 
one loadſtone to another, we call thoſe the friendly 
poles which bear different names, and thoſe the 
hoſtile which have the ſame name. This property 
is ſingularly remarkable on bringing two loadſtones 
near each other: for then we find that not only 
do the poles of different names mutually attract, 
but that thoſe of the ſame name ſhun and repel each 
other. This is ſtill more conſpicuous when two 
magnetic needles are brought e the ry: of 
mutual influence. e 
In order to be ſenfible of this, it is of much i im- 
portance to conſider the ſituation which a magnetic 
needle aſſumes in the vicinity of a loadſtone. 
The bar A B, (plate II, fig. 4.) repreſents a load- 
5 ſtone, whoſe north pole is B, and the ſouth pole A: 
you ſee various poſitions of the magnetic needle, : 
under the figure of an arrow, whoſe extremity 
marked þ is the north pole, and a, the ſouth. In 
all theſe poſitions, the extremity h of the needle. . 
directed toward the pole A of the loadſtone; and 
the extremity @ to the pole B. The point c in- 
_ dicates the pivot on which the needle revolves; and 
you have only to conſider the figure with ſome at- 
tention, in order to determine what ſituation the 
needle will aſſume, in whatever poſition round the 
boadſtone the pivot c is fixe. 5 
——0 5 . If 
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If there were, therefore, any where a very large, 
loadſtone A B, the magnetic needles placed round it 
would aſſume, at every place, a certain ſituation, as 
we ſee actually to be the caſe round the globe. 
Now if the globe itſelf were that loadſtone, we 
ſhould comprehend why the magnetic needles every 
where aſſumed a certain direction Naturaliſts, ac- 
e cordingly, in order to explain this phenomenon, 
maintain that the whole globe has the property of a 
magnet, or that we ought to conſider it as a pro- 
digious loadſtone. Some of them allege, that there 
is at the centre of the earth a very large boadſtone 
| which has exerciſed it's influence on all the mag- 
netic needles, and even on all the loadſtones, which 
are to be found on the ſurface of the earth; and that 
it is this influence which directs them in every place, 
N conformably to the directions which we obſerve 
them to aſſume. Z 8 
Du there i is no -ovcativn' to avs recourſe: to 2 
: Jloadfione concealed i in the bowels of the earth. It's 
 furface is ſo repleniſhed with mines of iron and 
loadftone, that their united force may well ſupply 5 
the want of this huge magnet. In fact, all load- 
ſtones are extracted from mines, an infallible proof 
| that theſe ſubſtances are found in great abundance | 
in the bowels of the earth, and that the union of all 
their powers furniſhes the general force, which pro- 
duces all the magnetical phenomena. We are like wiſe 
enabled thereby to explain, wherefore the magnetic 
declination changes, with time, at che ſame place; 
for 


— — 
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ſor it is well known, that mines of every kind of 
metal are ſubject to perpetual change, and particu- 
larly thoſe of iron, to which the loadſtone is to be 
referred. Sometimes iron is generared, and is ſome- 
times deſtroyed at one and the ſame place; there 
are accordingly, at this day, mines of iron where 
there were none formerly ; ; and where! it was former- 
Iy tound 1 in great abundance, there are now hardly 
any traces of it. This is a ſufficient proof, that the 
total maſs af loadſtones contained in the earth is un- 
dergoing very conſiderable changes, and thereby, 


undoubtedly, the poles, by which the magnetic de- | 


clination IS regulated, likewiſe change with the laple 5 
ame, 5 
Here then we muſt look for the reaſon, why the 85 
magnetic declination is ſubject to changes ſo con- 

ſiderable at the ſame places « of the globe. But this 
very reaſon, founded on the inconſtancy of what 1 = 
paſting in its bowels, affords no hope of our ever 


being able to aſcertain the magnetic declination hes 


| forehand, unleſs we could find the means of ſubje&- 
ing the changes of the earth to ſome fixed law. ” 
+ long ſeries of obſervations, carried on through 


ſeveral ages ſocceſſi 8 J migl t poſſibly chrc ow dome 
Tight on the lee. 1 | 


20h Oabler, 1761. 
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LETTER LIX. 


Elucidetion reſpetting i the C auſe and varidti on of the 
Declination of * Needles. 


\H 0 8 E who allege that the earth contains in 
its womb a orodigiomn loadſtone, like a ſtone. 


wh; a kernel | in fruit, are under the neceſſity of ad- 


mitting, in order to explain the magnetic declina- 


tion, chat this ſtone is ſucceſſively ſhifting its ſitua- 


tion. It muſt 1 in that caſe be detached from the 
_earth1 in all its parts; and as its motion would un- 
doubtedly follow a certain law, we might flatter 


' ourſelves with the hope of one day diſcovering it. 


But whether there be ſuch a magnetic ſtone within 
the earth, or whether the loadſtones ſcattered up 
and 4 through its entrails unite their force W 
produce the magnetical phenomena, we may always 
conſider the earth itſelf as a loadſtone, in ſubſer- 
; viency to which every particular loadſtone, and all 
9 magnetic needles, aſſume their direction. N 
| Certain naturaliſts have encloſed a very powerful 
magnet in a globe, and haying g placed a magnetie 
needle on its ſurface, obſerved phenomena gan to 
thoſe which take place on the globe of the earth, 
by placing the magnet within the globe, in ſeveral _ 
different poſitions. Now, conſidering the earth as 
= loadſtone, it will bave its magnetic poles, which 
8 5 = muſt 
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muſt be carefully diſtinguiſhed from the natural 


| Poles, round which it revolves. Theſe poles have 
nothing 1 in common between them but the name; 
but it is from the poſition of the magnetic poles, 
relatively to the natural, that the apparent irregula- 
rities in the magnetic declination proceed, and par- 
: ticularly of the lines traced on the globe, of which 
| 1 have endeavoured to give you ſome account. 


In order more clearly to elucidate this ſubject, 1 


1 remark, that if the magnetic poles exactly co- 
incided with the natural, there would be no declina- 
tion all over the earth: magnetic needles would 
univerſally point to the north preciſely, and their 
poſition would be exactly that of the meridian. 
line. This were no doubt an unſpeakable ad- 
vantage in navigation, as we ſhould then know with _ 
preciſion the courſe of the veſſel and the direction of 
the wind; whereas, at preſent, we muſt always look 
for the declination of the compaſs before we are able 
| to determine the true quarters of the world, But 
then the compaſs could furniſh no aſſiſtance toward | 
aſcertaining the longitude, an object which the. de- = 
- hee may ſooner or later render attainable. 


Hence it may be concluded, that if the magnetic 


poles of the earth differed very greatly from the 
natural, and that if they were directly oppoſite to 
eich other, which would be the caſe, if the magnetic 
axis of the earth, that is the ſtraight line drawn 
from the one magnetic pole to the other, paſſed 
+ through the center of the earth, then magnetie 


needles 
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needles would univerſally point toward theſe mag- 
netic poles, and it would be eaſy to aſſign the mag- 
netic direction proper to every place; we ſhould only 
have to draw for every place a circle which ſhould at 
the ſame time paſs through the two magnetic poles, 
and the angle which this circle would make with the 
meridian of the ſame place muſt give the mag- 
netic declination. 5 
In this caſe, the two lines, under which there is no 
declination, would be the meridians drawn through 
the magnetic poles. But as we have ſeen that, in 
reality, theſe two lines without declination are not 


meridians, but take a very unaccountable direction, | 
it is evident that no ſuch caſe actually takes place. 


Halley clearly ſaw this difficulty, and therefore 
thought himſelf obliged to ſuppoſe a double load- 
ſtone in the bowels of the earth, the one fixed, the 


| other moveable; of conſequence, he was obliged to 


admit four poles of the earth, two of them toward 


the north, and two toward the ſouth, at unequal 
diſtances. But this hypotheſis ſeems to me rather 
a bold conjecture: it by no means follows, that 
| becauſe theſe lines of no declination are not meri- 
dians, there muſt be four magnetic poles on the 
earth: but rather, that there are only two, which 
are not directly oppoſite to each other; or, which 
comes to the fame thing, that the magnetic axis 
does not paſs through the center of the depth 
Tr remains, therefore, that we conſider the caſes in 
which theſe two magnetic poles are not dire: ly op- 


Folite, and 1 in which the magnetic axis does not paſs | 
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through the center of the earth; for if we embrace 


the hypotheſis of the magnetic nut within the earth, 
why ſhould one of its poles be preciſely oppoſite to 


the other? This nut may very probably be not ex- 
actly in the very center of the earth, but at a con- 
ſiderable diſtance from it. Now, if the magnetic 


poles are not diametrically oppoſite to each other, 


the lines of no declination may actually aſſume a 
5 direction ſimilar to that which, from obſervation, we 
find they do; it is even poſſible to aſſign to the 
two magnetic poles ſuch places on the earth, that 
not only theſe lines ſnould co- incide with obſerva- | 
tion, but likewiſe, for every degree of declination, | 
whether weſtern or eaſtern, we may find lines pre- EE 
ciſcly ſimilar to thoſe which, at firſt, ſeemed fo u un- 1 
accountable. : 


In order, then, to know the Gar of magnetic de- 


clination, all that is requiſite, i is to fix the two mag- 
netic poles; and then it becomes a problem in geo- 
metry, to determine the direction of all the lines 
which I mentioned in my preceding letter, drawn 
for every place where the declination is the fame; 
by ſuch means too we ſhould be enabled to rectify = 
theſe lines, and to fill up the countries where no ob- 
ſervations have been made: and were it poſſible to 
aſſign, for every future period, the places of the two 
magnetic poles on the globe, it would undoubtedly 


prove the moſt ſatisſying ſolution of the Fa of 
the longitude. N 


T hare. 
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There is no occaſion, therefore, for a donde load- 
ſtone within the earth, or for four magnetic poles, in 
order to explain the declination of magnetic needles, 


as Halley ſuppoſed, but for a ſimple magnet, or two 
magnetic poles, provided it's juſt place is aſſigned to 


each. It appears to me that, from this reflection, 


we are much more advanced 1 in our knowledge of | 


magnetiſm. | 
: 24th Ocgober, 1761. 
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Irclination of Magnetic Needies . 


miniſh its weight ſomewhat, or to incteaſe that of 


the other extremity, in order to reſtore the alt © Eo 
brium. 1 have, without putting this in practice, 


made ſeveral experiments to aſcertain how far the 


magnetic force brought down the northern extre- 
mity of the magnetized needle, and I have found 


that it ſunk ſ as to make an angle of 72 degrees 


0U will pleats to recollect, chat on rubbing F 
1 a needle againſt | the loadſtone It acquires not 
als the property of pointing toward a certain point 
of the horizon, but that its northern extremity ſinks, 
as if it had become heavier, which obliges us to di- 


with the horizon, and chat! in this ſituation the needle 5 
— remained — 
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remained at reſt. It 1s Proper to remark, that thefe 


experiments were made at Berlin, about ſix years 
ago; for I ſhall ſhew you afterwards, that this di- 
rection to below the horizon, is as variable as the : 


— declination. 


Hence we ſee that the magnetic power produces 


a double effect on needles; the one directs the 
| needle toward a certain quarter of the horizon, the 
deviation of which from the meridian line is what 
we call the magnetic declination; the other im- 
preſſes on it an inclination toward the horizon, 8 
ſinking the one or the other extremity under i it, up 
: to a certain angle. 


Let de ( plate II. tg. 5.) be the horizontal line, 


— drawn according to the magnetic declination, ny 
the needle will aſſume, at Berlin, the ſituation þ a, 
which makes with the horizon de the angle de 
f 6; which 1 is 72%, and conſequently, with the © 
vertical Fg, an angle bcg or 4 c f of 18 degrees. 
This ſecond effectof the magnetic force, by which 6e 
magnetic needle affects a certain inclination toward 
the horizon, is as remarkable as the firſt; and as 
the firſt is denominated the magnetic declination, 
the ſecond is known by the name of magnetic in- 

| clination, which deſerves, as well as the declination, 
to be every where obſerved with all potie care, 
as we find in it a ſimilar variety. 


The inclination at Berlin has been l 29% at 


Bale only 70, the northern extremity of the nee- 
being uns, and — oppblite, of conſequence, 


= T 
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raiſed to that angle. x | his takes place in countries 
which are nearer to the northern magnetic pole of 
the earth; and in proportion as we approach! it, the 
greater becomes the inclination of the magnetic 
needle, or the more it approaches the vertical line; 
ſo that if we could reach the pole itſelf, the needle 
would there actually aſſume a vertical ſituation, its 
northern extremity pointing perpendicularly down- 

i ward, and its ſouthern end upward. The farther, 
on the contrary, you remove from the northern 
magnetic pole of the earth, and approach the 
ſouthern, the more the inclination diminiſhes; it 
will at length diſappear, and the needle will aſſume 
a horizontal poſition, when equally diſtant from 
both poles: but in proceeding toward the ſouth 
pole of the earth, the ſouthern extremity of the 
needle will ſink 1 more and more under the horizon, 
the northern extremity riſing ; in proportion, till at 
the pole itſelf, the needle again becomes vertical, 
with the ſouthern extremity perpendicularly down- 
ward, and the northern upward. 2 
It were devoutly to be wiſhed that experiments | 
had been as carefully, and as generally made, in the 
view of aſcertaining the magnetic inclination, as of 
determining the 3 but this important ; 
article of experimental philoſophy has hitherto been 
too much neglected, though certainly neither leſs 
curious, nor leſs intereſting, than that of the deelina- 
tion. It is not however a matter of . ex- 
Vor. II. 5 periments 


% ˙»˙ r 


periments of this ſort are ſubject to too many diffi- 
culties; and almoſt all the methods hitherto at- 
tempted of obſerving the magnetic inclination have 


failed. One artiſt alone, Mr. Diterich of Bile has 


ſucceeded, having actually conſtructed a machine 
Proper for the purpoſe, under the direction of the 
celebrated Mr. Daniel Bernouilli. He ſent me two 
of theſe machines, by means of which J have ob- 
ſerved, at Berlin, this inclination of 72 degrees; 
and however curious, in other reſpects, the Engliſh 25 
and French may be, f in proſecuting ſuch enquiries, 
they have put no great value on Mr. Diterich's 
machine, though the only one adapted to the de- 
ſign. This inſtance demonſtrates how the pro- 
greſs of ſcience may be obſtructed by prejudice; 
hence Berlin and Bale are the only two places 
on the globe, where the magnetic inclination " 


| known. 
Needles prepared for the conſtruction of com- 


paſſes are by no means proper to indicate the 
quantity of magnetic inclination, though they. may 
convey a rough idea of its effect, becauſe the nor- 
thern extremity in theſe latitudes becomes heavier. 
In order to render ſerviceable, needles intended ro 
diſcover the declination, | we are under the ne- 
ceſſity of deſtroying the effect of the inclination, 
by diminiſhing the weight of the northern extre- 
mity, or increaſing that of the ſouthern, TO 
_ reſtore the needle | to a horizontal  polition, the 


laſt 
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laſt of theſe methods is uſually employed, and a 


ſmall morſel of wax is afixed to the ſouthern ex- 


tremity of the needle. You are abundantly ſen- 


ſible, that this remedy applies only to theſe regions 


of the globe, where the inclinatory power is ſo much, 
and-no more; and that were we to travel, with ſuch 


a needle, toward the northern magnetic pole of the 
earth, the inclinatory power would increaſe, ſo that 
to prevent the effect we ſhould be obliged to in- 
creaſe the quantity of wax at the ſouthern extremity, 
But were we travelling ſouthward, and approach- : 
ing the oppoſite pole of the earth, where the in- 
clinatory power on the northern extremity of the 
needle diminiſhes, the quantity of wax affixed to 
the other extremity muſt then likewiſe be di- 
miniſhed; after that it muſt be taken away altoge- 
ther, being wholly uſeleſs when we arrive at places 
where the magnetic inclination diſappears. On 
proceeding ſtill forward to the ſouth pole, the 
ſouthern extremity of the needle ſinks; ſo that to 
remedy this, a morſel of wax muſt be affixed to 
the northern extremity of the needle. Such are the 
means employed, in long voyages, to preſerve the 


: compaſs i in a horizontal poſition, 


In order to obferve the magnetic inclination, it 
5 would be neceſſary to have inſtruments made on 
purpoſe, ſimilar to that invented by the artiſt of 
Bale. His inſtrument is called the inclinatory, but 
there | 18 little appearance of its Ong: into n 
5 uſe⸗ 
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uſe*. It is till leſs to be expected that we ſhould 5 
ſoon have charts conſtructed on the magnetic in- 
clination, ſimilar to thoſe which repreſent the decli- 
nation. The ſame method might eaſily be follow- 
ed, by drawing lines through all the places where 
the magnetic inclination is the ſame: ſo that we 
ſhould have lines at no inclination ; afterwards other 
lines where the inclination would be 5 10", 1 "Re 
20˙, and ſo on, Whether northward or ſouthward. 


27th oa, 1761, 


LETTER IXI. 


| Mis Magnetic Dirattion; ; ſubtle Matter abich ne. : 
duces the Magnetic Power. . 


TN order to form a juſt idea of the effect of the ; 
1 carth's magnetic power, we muſt attend at once 
to the declination and inclination of the magnetic 
needle, at every place of the globe. At Berlin, 
ve know, the declination is 15* weſt, and the in- 
5 Clination of the northern Lad 72 On con- 


= * Since this was written, on ache of * 3 1 
Venus over the ſun's diſk, Meſſrs. Mallet and Pictet of Geneva, 
employed to obſerve that tranſit in Lapland, made uſe of the 

inclinatory, and found, in the month of MAJs 1799. the magnetic 
inclination firſt at Peterfbargh to be 73* 40'; aiterwards at Kola 

7" Logins 7 77 45'3 ; at Ons a 750 10, and at Panoi 76? 30". 


— fidering _ 
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ſidering this. double effect, the declination and in- 
clination, we ſhall have the true magnetic direction 
for Berlin. We draw firſt, on a horizontal plane, a 
line which ſhall make with the meridian an angle of 
152 weſt, and thence, deſcending toward the vertical 
Une, we trace a new line which ſhall make with it 
an angle of 72*; and this will give us the magnetic 
direction for Berlin; from which you will compre. 
hend, how the magnetic direction for every other 
place is to be aſcertained, Provided the inclination T 
and declination are known. 1 
Every magnet exhibits phenomena altogether 
ſimilar. You have only to place one on a "thble 
covered with filings of ſteel, and you will ſee the 
filings arrange themſelves round the loadſtone AB,. 
nearly as repreſented in fg. 6, Plate 28 it which 
every particle of the filings may be conſidered as a 
ſmall magnetic needle, indicating, at every point a 
round the loadſtone, the magnetie direction. This 
experiment leads to inquire into the cauſe of all theſe - 
pPhaamena. 
"The arrangement aſſumed by the ſteel filings 


= leaves no room to doubt that it is a ſubtile and in- 


viſible matter which runs through the particles of 
the ſteel, and diſpoſes them in the direction which 
ve here obſerve. It is equally clear that this ſub- 
tile matter pervades the loadſtone itſelf, entering at 
one of the poles, and going out at the other: ſo as 
to form, by 1 its continual motion round the load- 
ſtone, a a vortex which re. conducts the ſubtile matter 


8 + — : from = 


* 
A; 


therefore, be by no means 5 the ſame which 1 it bears = 
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from: one pole to \ the other, and this motion is, with- 
out doubt, extremely rapid. 
The nature of the loadſtone conſiſts, then, 1 in 4 
continual vortex, which diſtinguiſhes! it from all other 
bodies; and the earth itſelf, in quality of loadſtone, 
muſt be ſurrounded with a ſimilar vortex, acting 
every where on magnetic needles, and making con- 
tinual efforts to diſpoſe them according to its wn 
direction, which is the ſame I formerly denominated 
the magnetic direction: this ſubtile matter is con- 
tinually iſſuing, then, at one of the magnetic poles 


of the earth, at after- having performed a circuit 


round to the other pole, it there enters, and per- 
vades the globe through and through to the 8 
pole. where! it again eſcapes. | 
We are not yet enabled to determine 10 which of : 
the two magnetic poles of the earth, it enters or 
iſſues: the phenomena depending on this have ſuch 


:@ perfect reſemblance, that they are indiſtinguiſh- 5 


able. It is undoubtedly, likewiſe, this general vor- 
tex of the globe which ſupplies the ſubtile matter 
of every particular loadſtone to magnetic iron or 


ſteel, and which keeps up the particular | vortices 
that ſurround them. 


In order to a thorough inveſtigation of the nature 
of this ſubtile matter, nad it's motion, it muſt be re- 


marked, that it's action is confined to loadftone, i iron 


and ſteel; all other bodies are abſolutely indifferent ” 


to it; the relation which it bears to thoſe, muſt, 


, 
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to others. We are warranted to maintain, from 
manifold experiments, that this ſubtile matter freely. 
pervades all other bodies, and even in all directions: 
for, when a loadſtone acts on a needle, the action is 
perfectly the ſame whether another body interpoſes 
or not, provided the interpoſing body is not iron, 
and its action is the ſame on the filings of iron. 
This ſubtile matter, therefore, muſt pervade all 
bodies, iron excepted, as freely as it does air, and 
even pure ether; for theſe experiments ſucceed 
15 equally. well in a receiver exhauſted by the air- 
pump. This matter is conſequently different from 
ether, and even much more ſubtile. And, on ac- 
count of the general vortex of the earth, it may be 


affirmed that the globe is completely ſurrounded by . 


it, and freely pervaded, as all other bodies are, ex- : 


cepting the loadſtone and iron: for this reaſon, i iron 


and ſtee] may be denominated magnetic bodies, to ; 
diſtinguiſh them from others. 
But if this magnetic matter paſſe es freely b 
all non- magnetic bodies, what relation can it have 


to thoſe which are ſuch? We have juſt obſerved 5 


” that the magnetic vortex enters at one of the poles 


of every loadſtone, and goes out at the other; 


whence it may be concluded, that it freely Per- 
vades loadſtones likewiſe; z which would not diſ- | 


tinguiſh them from other bodies. But as the mag= 
netic matter paſſes through the loadſtone only from 
| pole to pole, this is a circvmniiancs very different 
from what takes my in others. Here, then, we 
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have the diſtinctive character. Non- magnetic bodies 


are freely pervaded by the magnetic matter, in all 
directions: loadſtones are pervaded by it, in one 


direction only; one of the poles being adapted to 
it's admiſſion, the other to it's eſcape. But! iron and 
Neel, when rendered magnetic, fulfil this laſt con- 


dition; when they are not, it may be affirmed, that 


they do not grant a free tranſmiſſion to the magnetic ” 
matter, in any direction. 


This may appear ſtrange, as iron has open pores, 1 5 


which tranſmit the ether, though it is not ſo ſubtile 
as the magnetic matter. But we muſt carefully diſ- 
tinguiſh a ſimple paſſage, from one in which the 

magnetic matter may pervade the body, with all 


it's rapidity, without encountering any obſtacle. ; 
3 Oæecler, 7761. 


LETTER IXI I. 


Nature 1 the Magnetic Matter, and of. its rapid | 


Current. M a agnetic 0 anals. 


AM very or i pretending to > explain. per- 
fectly the phenomena of magnetiſm; it preſents 


difficulties which I did not find in thoſe of electricity. 
The cauſe of 1 it undoubtedly is, that electricity con- 
fiſts | in a too great, or too ſmall, degree of com- 


preſſion, 3 
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preſſion, of a ſubtile fluid which occupies the pores 
of bodies, without ſuppoſing that ſubtile fluid, which 
is the ether, to be in actual motion; but magnetiſm 
cannot be explained, unleſs we ſuppoſe a vortex 


in rapid agitation, which penetrates magnetic bo- 
dies. 


The matter which conſtitutes theſe vortices is 
| likewiſe much more ſubtile than ether, and freely 
pervades the pores of loadſtones, which are imper- 
vious even to ether. Now, this magnetic mat- 
ter is diffuſed through, and mixed with, the ether, - 
as the ether is with groſs air, or Juſt as ether oc- _ 
cupies and fills up the pores of air, it may be affirm- 
ed that the magnetic matter . and fils the 


pores of ether. 


I conceive, then, that loadſtone and iron avs 
pores ſo ſmall that the ether in a body cannot force 
it's way into them, and that the magnetic matter alone 
can penetrate them; and which, on being admitted, 
ſeparates itſelf from the ether, by what may be 
called a kind of filtration. In the pores of the load- 
ſtone alone, therefore, is the magnetic matter to be 
found in perfect purity: every where elſe i it is blend- — 


8 with ether, as this Laſt 1 no with the ne. 


You can eaſily imagine a ſeries of fluids, one 
always more ſubtile than another, and which are 
perfectly blended together. Nature furniſhes in- 
ſtances of this. Water, we know, contains in its 
pores particles of air, which are frequently ſeen diſ- 
charging themſelves in the form of imall bubbles: 5 
air 
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air again, it is equally certain, contains in it's pores 


2 fluid incomparably more ſubtile, namely ether, 


and which, on many occaſions, is ſeparated from it, 
as in electricity. And now we ſee a ſtill farther 


progreſſion, and that ether contains a matter much 
more ſubtile than itſelf, the magnetic matter, which 
may, perhaps, contain, in it's turn, others ſtill more 


fabtile, at leaſt this is not impoſſible. 
Having ſettled this magnetic matter, let us ſee 


how its Phenomena are produced. J conſider a 

Joadſtone, then, and ſay, firſt, that beſides a great 
many pores filled with ether, like all other bodies, 
it contains ſome ſtill much more narrow, into which 
_ the magnetic r matter alone can find admiſſion, a Se- 
condly, theſe pores are diſpoſed | in ſuch a manner 
as to have a communication with each other, and 
conſtitute tubes or canals, through which the mag- 
netic matter paſſes from the one extremity to the 
other. Finally, this matter can be tranſmitted 
through theſe tubes only in one direction, without 
te poſſibility of returning in an oppoſite direction. 


This moſt eſſential circumſtance requires a more 


particular elucidation. 


Fi wit, then, 1 remark, that he” veins and Ilym 


5 photic veſſels in the bodies of animals, are tubes of 
a fimilar conſtruction, containing valves, repreſent- 
ed in fo. 7, [ate IT. by the ſtrokes u, whoſe office 

it is to grant, by raiſing themſelves, a free paſſage to 
the blood when it flows from A to B, and to prevent 


__ Us reflux from B to A. Fe or if che blood attempted Fw 


267 
to flow from B to A, it would preſs down the move=. 
able extremity of the valve m on the ſide of the 
vein o, and totally obſtruct the paſſage. V alves 
are thus employed in aqueducts, to prevent the re- 
flux of the water. I do not conſider myſelf, then, 
as ſuppoſing any thing contrary to nature, when I 
fay, that the canals, in loadſtones, which admit the 
magnetic matter only, are of the ſame conſtruction. 
Figure 8, plate II. repreſents this magnetic canal, 
according to my idea of it. I conceive it furniſhed 
inwardly with briſtles directed from A toward B, 
which preſent no oppoſition to the magnetic matter 
in its paſſage from A to B, for in this caſe they open 
of themſelves at 7, to let the matter paſs at o; but 
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8 they would immediately obſtruct the channel, were 


it to attempt a retrograde courſe from B to A. 


The nature of magnetic canals conſiſts, then, in 


- granting admiſſion to the magnetic matter only at 
A, to flow toward B, without the poſſibility of re- 
8 turning in the oppoſite direction from B toward A. 
5 This conſtruction enables us to explain how the 
| magnetic matter enters into theſe tubes, and flies 
through them with the greateſt rapidity, even when 

the whole ether is in a ſtate of perfect reſt, which is 
the moſt ſurpriſing: for how can a motion ſo rapid 
be produced] ? This will appear perfectly clear to 

you, if you will pleaſe to recolle& that ether is a 
matter extremely elaſtic; accordingly the magnetic 
matter, which is ſcattered about, will be preſſed by 
it on every ſide. Let us  ſuppole. the magnetic 

| 5 5 canal 
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canal A B ftill quite empty, and that a — of 


magnetic matter preſents itſelf at the entrance A, 


and this particle preſſed on every ſide at the open- 
ing of the canal, into which the ether cannot force 
admiſſion, it will there be preſſed | forward with pro- 


digious force, and enter into the canal with equal 
rapidity; another particle of magnetic matter will 
immediately preſent itſelf, and be driven forward 
with the ſame force, and in like manner all the 
following particles. There will thence reſult a con- 
tinual flux of magnetic matter, which, meeting with 
no obſtruction in "this canal, will eſcape from | it at B, 
with the ſame rapidity that it enters at A. ; 


My idea, then, 1 1s, that every loadſtone N 


5 great multitude of theſe canals, which I denomi- 
nate magnetic; and it very naturally follows, that the 
magnetic matter difperſed i in the ether muſt enter 
into them at one extremity, and eſcape at the othe' Þ 
with great impetuoſity; that is, we ſhall have a per- 
Petual current of magnetic matter through the ca- 
nals of the loadiicne: and thus J hope I have fur- 


N 


mounted the greateſt difficulties which can occur 


in n the theory of magnetiſm, 


34 Noventer, 176 . 
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LETTER LXIII. 
og . Vortex. Asian of es upon each other. 


O0 have now ſeen i in what the diſtinctive 

character of the loadſtone conſiſts; and that 

nk contains ſeveral canals, of which I have at- 
tempted a deſcription. 

Figure 1. plate III. repreſents a loadſtone A B, 
with three magnetic canals @ 5, through which the 
magnetic matter will flow with the utmoſt rapidity, 

entering at the extremities marked a, and eſcaping 

at thoſe marked h: it will eſcape indeed with the 

_ fame rapidity, but immediately meeting with the 
ether blended with the groſſer air, great obſtructions 

vill oppoſe the continuation of its motion in the 

ſame direction; and not only will the motion be 
retarded, but its direction diverted toward the ſides 
cc. The ſame thing vill take place at the entrance, 
toward the extremities a 4 a; on account of the ra- 

pidity with which the particles of magnetic matter 
force their way into them, the circulation will 


quickly overtake thoſe which are ſtill toward the 


ſides ee, and theſe, in their turn, will be replaced 
by thoſe which, eſcaped from the extremities 5 6 8, 
have been already diverted toward cc; fo that the 
ſame magnetic matter which iſſued from the extre- 
mities þ þ þ quickly returns toward thoſe marked 
44 a4, performing the circuit +c de a, and this cir- _ 


culation, 
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culation, round the Joadſtone, ! is what we call the 

ma gnetic vortex. 

It muſt not be imagined, however, that it is 
always the ſame magnetic matter, which forms theſe 
vortices; a conſiderable part of it will eſcape, no 

doubt, as well toward B as toward the ſides, in per- 
forming the circuit; but as a compenſation, freſh 
magnetic matter will enter by the extremities 4 4 a, 
fo that the matter which conſtitutes the vortex is 
fuccedaneous and very variable: a magnetic vortex, 
ſurrounding the loadſtone, will, however, always be 
kept up, and produce the phenomena formerly ob- 
ſerved in filings of ſtee], ſcattered, round the load- 
Tone, 1 

Vou will pleaſe nde to nad to this. circum- 
ſtance, that the motion of the magnetic matter in 

the vortex, is incomparably flower out of the. load- 

_ . ſtone, than in the magnetic tubes, where it is ſepa- 
rated from the ether, after having been forced into 
them by all the elaſtic power of this laſt fluid; .and 

that, on eſcaping, it mixes again with the ether, and 
thereby loſes great part of i its motion, fo that its ve- 

locity in travelling to the extremities a 4 à is incom- 
parably leſs than in the magnetic canals a b, though 
ſtill very great with refpett to us. You will eaſily 
comprehend, then, that the extremities of the mag- 

- netic canals, by which the matter enters into the 
loadſtone and eſcapes from it, are what we call its 
| Poles; and that the magnetic poles of a loadſtone 

are by no means mathematical points, the whole 

. 
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ſpace, in which the extremities of the magnetic canals 
terminate, being one magnetic pole, as in the load- 
ſtone repreſented figure 6, plate II. where the whole 
ſurfaces A and B are the two poles. 
Now, as theſe poles are diſtinguiſhed by the 
terms north and ſouth, yet we cannot affirm with 
_ certainty whether it is by the north or ſouth pole 
that the magnetic matter enters into loadſtones. 
You will ſee in the ſequel, that all the phenomena 
produced by the admiſſion and eſcape, have ſuch a 
perfect reſemblance, that it appears impoſſible to de- 
termine the queſtion by experiments. It is, there- 
fore, a matter of indifference, whether we ſuppoſe 
that the magnetic matter enters or r eſcapes by the 
north pole or by the ſouth. 
Be it as it may, I ſhall mark with the letter A, the 
pole by which the magnetic matter enters, and with 
B, that by which it eſcapes, without pretending 
thereby to indicate which is north or ſouth. I pro- 
ceed to the conſideration of theſe vortices, in order 
to form a judgment, how two loadſtones act upon 
each Geher. 
Let us ſuppoſe ( plate III. fs 2. ) that the two 
_ loadſtones A and ah are preſented to each other by 
the poles of the ſame name A, a, and their vortices | 
| will be in a ſtate of total oppoſition. The magnetic 
matter which is at C will enter at A and a, and theſe 
two vorticesattempting mutually to deſtroy each other, 
the matter which proceeds by E to enter at A will 
meet at D that of the other loadſtone, returning by e 
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to enterat a: from this muſt reſult a colliſion of the 
two vortices, in which the one will repel the other; 
and this effect will extend to the loadſtones them- 
ſelves, which, thus ſituated, undergo mutual repul- 
fion. The ſame thing would take place, if the two 
loadſtones preſented to each other the other poles 
N and g;: for this reaſon the poles of the ſame name 
are denominated bg/tile, becauſe _y actually repel 
each other. 
But if the Joadftonts prefent to each other the 
poles of a different name, an oppoſite effect will en- 
ſue, and you will perceive _ they have a mutual : 
attraction. | 
In figure 3, plate III. where the two e 
preſent to each other the poles B and a, the mag- 
netic matter which iſſues from the pole B, finding 
immediately free admiſſion into the other loadſtone 
by 1ts pole a, will not be diverted toward the ſides, 
in order to return and re-enter at A, but will paſs 
8 directly by C into the other loadſtone, and eſcape 


| from it at 3, and will perform the circuit by the 


ſides 4 4 to re- enter, not by the pole a, but by the 
pole A, of che other loadſtone, completing the cir- 
cuit by ef. Thus the vortices of theſe two load- 


ſtones will unite, as if there were but one; and this 


vortex being compreſſed on all ſides by the ether, 
Will impel the two loadſtones toward each other, ſo 


that they will exhibit a mutual attraction. 
This is the reaſon why the poles of different 
names are denominated — „and thoſe of the 


ſame 
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ſame name hoſtile, the principal phenomenon in 
magnetiſm, in as much as the poles of different 


names attract, and thoſe of the lame name repel 
each other. 


eh November, 1761. 
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LETTER LXIV. 


Nature of Iron and Steel. Manner of mute : 


to them the M. a gnetic Force. 


valves they contain prevent its return in the con- 


trary direction, you can no longer doubt that they 
are the continuation of thoſe pores, ( fg. 8, plate II.) 
whoſe fibres point in the ſame direction, ſo that 


ſeveral of theſe particles, being Joined | in continua- 


tion, conſtitute one magnetic canal. It is not fuf- 
ficient, therefore, that the matter of the loadſtone 


ſhould contain many ſimilar particles; they muſt” 


likewiſe be diſpoſed in ſuch a manner as to form 
canals continued from one extremity to the other, | 


in order to grant an uninterrupted tranſmiſſion ro the 
magnetic matter. 


Iron and tee}, then, apparently e contain ſuch par- 
ticles in great abundance; theſe are not, however, 
originally diſpoſed i in the manner I have been de- - 


Vor. SV {eribing, 


AVI NG ſettled the nature of the loadftone 


11 in theſe canals which the magnetic matter 
can pervade in only one direction, becauſe the 
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ſcribing, but are ſcattered over the whole maß, and 
this diſpoſition is all they want to become real 


"magnets. In that cafe, they till retain all their 
other qualities, and are not diſtinguiſhable from 
other maſſes of iron and ſteeh, except that now they 


have, beſides, the properties of the loadſtone: a 


Knife and a needle anſwer the ſame purpoſes, 
whether they have or want the magnetic virtue. 
| The change which tales place i m the interior, from 
the arrangement of the particles in the order which 
magnetiſm requires, is not externally perceptible; b 
and the iron or ſteel which has acquired the mag- 
netic force, is denominated an artificial magnet, to 
_ diſtinguiſh it from the natural, which reſembles a 
ſtone, though the magnetic properties are the ſame 
in both. Tou will have a curioſity, no doubt, to 
be informed in what manner iron and ſteel may be 
brought to receive the magnetic force, and ſo be- 
come artificial magnets. Nothing can be more 
| ſimple; and the vicinity of a loadftone i IS capable . 
rendering iron ſomewhat magnetic: it is the mag- 
netic vortex which produces this effect, even though = 


the iron and loadſtone ſhould not come into con- = 
ta. 


However hard i iron may appear, che particles 


which contain the magnetic pores formerly repre- 


ſented, are very pliant in ſubſtance, and the ſmalleſt 


5 force i is ſufficient to change their ſituation. The 


magnetic matter of the vortex, entering into the 
iron, will then N diſpoſe the firſt magnetic 


pores 
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pores which 1t meets, following its own direction; 
thoſe at leaſt whoſe ſituation is not very different; 
and having run through them, it will act in the 
fame manner on the adjacent pores, till it has forced 
2 paſſage quite through the iron, and. thereby form- 
ed ſome magnetic canals, The figure of the iron 

contributes greatly to facilitate this change; a 
f lengthened figure, and placed in the ſame direction 
with the vortex, is moſt adapted to it, as the mag- 
netic matter, in paſſing through the whole length, 
there diſpoſes a great many particles in their juſt 
ſituation, in order to form longer magnetic canals; 
and it is certain, that the more there is the means of 7 
forming canals, the longer they will be without! in- 
terruption, the more rapid will be the motion of 
the magnetic matter, and the er. the magnetic ; 
force. 
It, has likewiſe deen remarked, that when the 
iron, placed in a magnetic vortex, is violently 
ſhaken or truck, it acquires a higher degree of 
magnetiſm from this, becauſe the minute particles 
are by ſuch concuſſion agitated and diſengaged, ſo 
as to Field more eaſily to the action of the mag- 
netic matter which penetrates them. 
Placing accordingly a ſmall bar of iron 4 B ( Plath 
II. F. 4.) in the vortex of the loadſtone A B, ſo 
that its direction may nearly agree with that of the 
current def of the magnetic matter, it will wit 
_ eaſe paſs through the ban and form in it magnetic 


Annals, eſpecially if, at the ſame time, the bar is 
'T 5 ſhaken 


— 
— — 


—— „ö 
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malen or ſtruck, to facilitate the tranſmiſſion. It 
18 likewiſe obſervable, that the magnetic matter, 
Which enters at the pole A of the loadſtone, and 
eſcapes at the pole B, will enter the bar at the ex- 
tremity a and eſcape at the extremity b, fo that the 
_ extremity @ wilt become the pole of the ſame name 
As, and 5 the ſame with B. Then taking this bar 
ab out of the magnetic vortex, it will be an arti- 
ficial magnet, though very feeble, which will ſup- 
Phy its own vortex, and preferve its magnetic power, 
2 long as its magnetic canals ſhall not be i interrupt- 
ed. This will rake place fo much the more eaſily | 
that the pores of iron are pliant; thus the fame cir= 
cumſtance which aſſiſts the production of magne- | 
5 tiſm, contributes likewiſe to its deſtruction. A na- 
tural magnet is not fo eaſily enfeebled, becauſe the 
pPores are much cloſer, and more conſiderable efforts 
are requiſite ro derange them. 1 ſhall Sd Haare 
largely into the detail „ 


J here propoſe to explain the manner of m3 


naturally rendering iron magnetic; though the force 
_ which it thence acquires is very ſmall, it will aſſiſt us 
in comprehending this remarkable and almoſt uni- 
_ verſa] phenomenon. It has been obſerved, that the 
tongs and other implements of i iron which are uſually 3 
placed in a vertical poſition, as well as bars of iron 
fixed perpendicularly on ſteeples, acquire in time a 
very ſenſible magnetic force. It has likewiſe been 


perceived, that a bar of iron, hammered in a verti- 


cal poſition, or W red hot, on being plunged 


into 
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into cold water in the fame poſition, becomes ſome- 
what magnetic, without the application of any load- 
ſtone. . 
In order to account for this phenomenon, you have 
only to recollect that the earth itſelf is a loadſtone, 
and conſequently encompaſſed with a magnetic vor- 
tex, of which the declination and inclination of the 
Eq ne needle every where ſhew the true direc- 
tion. If then a bar of iron remain long in that po- 
an, there is no reaſon to be ſurprized, ſhould it 
become magnetic. We have likewiſe ſeen, that 
the inclination of the magnetic needle i is, at Berlin. 
| 72 degrees, and as it is nearly the ſame all over 
Europe, this inclination differs only 18 degrees from 
the vertical poſition; the vertical poſition, accord- : 
5 ingly, differs but little from the direction of the mag-_ 
netic vortex: a bar of iron, long kept in that poſi- 
tiom will be at laſt peßetrated with the magnetic 
vortex, and muſt conſequenty acquire a MAgnene; - 
force, 1 . 
In other countries, where the inclination is im- 
perceptible, which is the caſe near the equator, it is 
not the vertical, but rather the horizontal e ee 
which renders bars of i iron magnetic, for their poſi- 
tion muſt correſpond to the magnetic inclination, if 
you would have them acquire a magnetic force. 1 
ſpeak here only of iron; ſteel is too hard for the 
purpoſe, and means more efficacious muſt be em · 
Ployed to communicate the magnetic virtue to it. 
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LETTER LXV. 


0 Mien of Loadfanes 0; Bok: Pbenomena objervabls 0h 
ray Preces of Iron near a Loadftone.. 


HOUGH the whole oh may be confider- 
cd as a vaſt loadſtone, and as encompaſſed 
with a magnetic vortex, which every where directs 
tte magnetic needle, its magnetic power is, however, 
very feeble, and much leſs than that of a very ſmall 
loadſtone: this appears very ſtrange, , are the 
enormous magnitude of the eartm. 
It ariſes, undoubtedly, from our very remote ME" 
tance from the real magnetic poles of the earth, 
which, from every appearance, are buried at a. 
great depth below the ſurface: now, however 
powerful a loadſtone may be, its force i is confider- 
able only when it is very near; and as it removes 
chat force gradually diminiſhes, and at length diſ- 
appears. For this reaſon, the magnetic force ac- 
quired in-time by maſſes of iron ſuitably placed i in - 
the eatth's vortex, is very ſmall, and indeed hardly 
perceptible, unleſs it is very ſoft; and of a figure 
adapted to the production of a vortex, as has been 
i 04 remarkec. RE 
This effect is much more ee near a 
loadſtone of moderate ſize: ſmall maſſes of iron 
ſpecdily acquire from it a very perceptible mag- _ 
6 . dete 
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netic force; they are likewiſe attracted toward the 
joadſtone; whereas this effect is imperceptible | in 
the earth's vortex, and conſiſts only in directing 
magnetic needles, without either attrafting them or 
- increaſing their weight. 
A maſs of iron plunged i into the vortex of a load- 
ſtone, likewiſe preſents very curious phenomena, 
which well deſerve a particular explanation. Not 
only 1 is this maſs at firſt attracted toward the load- 
ſtone, but it too attracts other pieces of iron. Let 
AB, ( plate IL. Ag. 5. ) be a natural magnet, in the 
vicinity of which, at the pole B, is placed the maſs 15 
of iron C D, and it will be found that this laſt is 
capable of ſupporting a bar of iron E F. Apply 
again to this, at F, an iron ruler G H, in any poſi- 22 
tion whatever, ſay horizontal, ſupporting | it at H, and 
it will be found that the ruler is not only attracted 
by the bar at F, but likewiſe capable of ſupporting, : 
at H, needles as I K, and that theſe needles again 
act. on filings of iron 1 and attract them. 5 
The magnetic force may thus be propagated to 
very conſiderable diſtances, and even made to change = 
its direction, by the different poſition of theſe pieces 
of iron, though it gradually diminiſhes. You are 
perfectly ſenſible, that the more powerful the load-. 
ſtone AB is of itſelf, and the nearer to it the firſt 
maſs CD, the more conſiderable likewiſe is the 
effect. The late Mr. de Maupertuis had a large 
 loadſtone fo powerful, that at the diſtance even of 


3 4 ſever al 
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ſeveral feet, the maſs of iron C D continued to ex. 
ert a very conſiderable force. 

In order to explain theſe phenomena, you have 
only to conſider that the magnetic matter which 
eſcapes rapidly, at the pole of the loadſtone, B, 
enters into · che maſs of iron, and diſpoſes the pores 
of it to form magnetic canals, which it afterward 
freely pervades. | In like manner, on entering into 
the bar, it will there too form magnetic canals, and 
ſo on. And as the magnetic matter, on iſſuing 
from one body, enters into another, theſe two 
bodies muſt undergo a mutual attraction, for the 
ſame reaſon, as J have before proved, that two 
loadſtones, which preſent their friendly poles to each 5 


8 other, muſt be attracted: and as often as we obſerve | 


an attraction between two pieces of i iron, we may 
with certainty conclude, that the magnetic matter 
= which iſſues from the c one 1s entering into the other, 


1 from the continual motion with which it penetrates 
| theſe bodies. It is thus that, in the preceding dif- 
Lo poſition of the bars of iron, the magnetic matter in 


its motion pervades all of them, and this 1 is the only = 
reaſon of their mutual attraction. | - 

The ſame phenomena ſtill preſent weine on 
turning the other pole A A of the loadſtone, by which 


the magnetic matter enters, toward the maſs of 


iron. The motion in this caſe becomes retrograde, 


and preſerves the ſame courſe; for the magnetic _ 


matter contained in the mals of iron 5 then 
3 from ir to 2 rapidly 3 into the loadſtone, : 
7 and, 
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and, in making its eſcape, will employ the ſame 
efforts to arrange the pores in the maſs ſuitably to 
the current, as if it were rapidly entering into the 
iron. To this end, therefore, the iron muſt be ſuf- 
ficiently ſoft, and theſe pores pliant, to obey the 
efforts of the magnetic matter. A difficulty will, 
no doubt, here occur to you; it will be aſked, 
How do you account for the change of direction of 
the magnetic matter, on entering into another bar 
ol iron; and why is that direction regulated accord- 
ing to the length of the bars, as its courſt | is repre- 
fented 3 in the figure! ? This is a very important ar- 
ticle in the theory of magnetiſm, and ĩt proves how 
much the figure of the pieces of iron contributes to 
the production of the magnetic phenomena. 5 


To elucidate this, | it muſt be recollected, that this . 


. fubtile matter moves with the utmoſt eaſe in the 
magnetic pores, where it is ſeparated from the 
ethet; and that it encounters very conſiderable ob- 
ſtacles, when it eſcapes from them, with all its velo- 
5 ity, to re-enter into the ether and the . 
„ Let ws ſuppoſe that the magnetic matter, after 
Y having pervaded the bar CD, (fe. 6. plate III.) 
enters into the iron ruler EF, placed perpendicu- . 
larly. It would certainly, on its firſt admiſſion, 
preſerve the ſame direction, in order to eſcape ar 
m, unleſs it found an eaſier road in which to con- 
tinue its motion: but meeting at » the greateſt ob- 
ſtruction, it at firſt changes its direction, though 
= in 2 very ſmall ret: toward F, where finding 
Pores 
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pores adapted to the continuation of its motion, it 
will deviate more and more from its firſt direction, 
and travel through the ruler EF in all its length; 
and, as if the magnetic matter were loth to Jews 
the iron, it a rs to continue its motion there 
as long as poſſible, availing itſelf of the length of 


the ruler; but if the ruler were very ſhort, i it would 


undoubtedly eſcape at u. But the length of the 
ruler preſenting it a ſpace to run through, 1 it follows 
the direction E. F, till it is under the neceſſity. of 
_ eſcaping at F, where all the magnetic canals, form- 

cd according to the fame direction, no longer per- 
mit the ſubtile magnetic matter to change its di- 

rection, and return along the ruler; theſe canals 
being not only filled with ſucceeding matter, but, : 
Gown their very nature, incapable of receiving mo- 
tion in an oppoſite direction. 


ugh Nevenber, 176; * 


Anu of Luadfones. 85 
Vc ou have juſt ſeen how | iron may receive the 


magnetic current of a loadſtone, convey it to 
conſiderable diſtances, and even change 1ts direc- 


tion. To unite a a loadſtone, therefore, t to pieces « of 
iron, 
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iron, is much the ſame with increaſing its ſize, as 


the iron acquires the ſame nature with reſpect to 


the magnetic matter; and it being farther poſſible 
by ſuch means to change the direction of the mag- 


netic current, as the poles are the places where this 


matter enters the loadſtone and eſcapes, we are ena- 
bled to conduct the poles at pleaſure. 


On this principle. W founded the arming 3 5 
mounting , of loadſtones; a ſubjec well worthy of 
your attention as loadftones are thereby carried to 


a higher degree of ſtrength. 


Londſtones, on being "ha from the mine, are 
uſoally reduced to the figure of a parallelopiped, . 
rectang gular parallelogram, with thickneſs as AA, 5 
BB, (Ag. 7. plate III.) of which the ſurface AA 

is the pole by which the magnetic matter enters, 
and BB that by which 1 it eſcapes. It is filled, then, 
the whole length AB with canals ab, which the 
magnetic matter, impelled by the elaſtic power of 
| the ether, freely pervades in the utmoſt rapidity, h 
| without any mixture of that fluid. Let us now lee 


in what manner ſuch a loadſtone | is uſually armed. 


8 To each ſurface AA and BB, ( plate. III. fo. 8. 3 
7 the two poles of the loadſtone, are applied plates of 
iron 4 à and $4, terminating below in the knobs A 5 
and B, called the feet; this 1 what we der nominate 
the armour of the loaditone, and when this 1s done, | 
the loadſtone is ald to be armed. In this ſtat ie, the 
magnetic matter which would have eſcaped at the 


ſurface BB, paſſes in into the iron plate 5, where the 


difſicul ty 
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difficulty of lying off into the air, in its own direc- 
tion, obliges it to take a different one, and to flow 
along the plate 4b into the foot B, and there it is 
under the neceſſity of eſcaping, as it no longer finds 
iron to aſſiſt the continuation of its motion. The 
fame thing takes place on the other fide ; the ſub- 
tile matter will be there conducted through the foot 
A, from which it wilt paſs 1 into the plate as, chang- 
ing its direction to enter into the loadſtone, and to 
fly through its magnetic canals. For the ſubtile 
matter, contained in the plate, enters firſt into the 
boadſtone; it is followed by that which is the foot 
A, replaced in its turn by the external magnetic 
matter, which being there impelled by the elaſticity 
of the ether, penetrates the foot A and the plate 
22 with a rapidity whoſe vehemence is capa- 
| ble of arranging the poles, and of C ſeeming mag 


netic Canals. | 


Hence it is evident that the motion muft by the . 


fame on both ſides, with this difference, that the - 


magnetic matter will enter by the foot A, and ; 
a by the foot BB, ſo that in theſe two feet © we 


now find the poles of the armed loadſtone ; ; and as 


- he: poles formerly diffuſed over the ſurfaces a 
and BB are now collected in the baſes of the feet 


2 and 5B, it is naturally to be ſuppoſed that the 
magnetic force mult be conſiderably g greater in theſe 


new poles . 3 

In this fate, accordingly, the vortex will he more 

ealily f formed, The matter cleaping from the foot 
85 8 will, . 
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B will, with the utmoſt facility, return to the foot A, 
paſſing through C; and the reſt of the body of the 
loadſtone will not be encompaſſed by any vortex ; 
unleſs perhaps a ſmall quantity of magnetic matter 
ſhould eſcape from the plate 45, from its not being 
able to change the direction ſo ſuddenly :' and un- 

leſs a ſmall quantity ſhould find admiſſion by the 
plate aa, which, in that caſe, might produce a feeble. 
vortex, whereby the ſubtile matter would be im- 
mediately conducted from the plate 55 to aa; 
however, if the armour be well fitted, this ſecond 
vortex will be almoſt imperceptible, and conſe- 
gquently the current between the feet is ſo much the = 
enger. N 
The principal direction for arming loadſtones, is 
5 carefully to poliſh both ſurfaces of. the loadſtone = 
AA and BB, as well as the plates of i iron, lo that : 
on applying them to the loadſtone, they may ex- 
actly touch it in every point, the ſubtile matter 
_ paſſing eaſily from the loadſtone to the iron, when 
| unobſtructed by any intervenient matter: but if 
there be a vacuum, or a body of Air, between the 
= loadſtone and the plates, the magnetic matter will Sh 
| loſe almoſt all its motion, 1ts current will be inter- 
rupted, and rendered incapable of forcing its paſ- 
ſage through the iron * forming magnetic canals 
„„ 
The ſofteſt and 0 ductile i iron is to is prefer 1 
D ted for the conſtruction of ſuch artour, becauſe it's 
— Pores are. Plant, and eat arrange themſelves in 
conformity 
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conformity to the current of the magnetic matter t 
iron of this deſcription, accordingly, appears much 
adapted to the production of a ſudden change in the 
direction of the current: the magnetic matter, too, 
ſeems to affe& a progreſs i in that direction as long 
as poſſible, and quits it not, till the continuance of 
its motion through that medium is no longer prac- 
ticable : it prefers making a circuit to a premature 
departure : a thing har. does not take place in 
the loadſtone itſelf, in which the magnetic canals 
are already formed, nor in ſteel, whoſe pores do 
not ſo eaſily yield to the efforts of a magnetic cur- ; 
rent. But when theſe canals are once formed i in 
ſteel, they are not ſo eaſily deranged, and much 
longer retain their magnetic force; whereas ſoft 
An whatever force i it may have exerted during Ra 
| junction with a loadſtone, loſes | it almoſt Wy on 
: being disjoined. „ 
Experience muſt be conſulted as to the cher 


T circumſtances of arming loadſtones. Reſpecting . 


the plates, it has been found, that a chickneſs either 
too great or too ſmall is injurious; but for the 

moſt part, the beſt adapted plates are very thin, — 
which would appear ſtrange, did we not know _ 

that the magnetic matter 1s much more ſubtile than 
ether, and that, conſequently, che thinneſt plate is 
7 tufficient to receive a very gene quantity of f it. 


17th No ovenber, 1761. 


L 5 


A GERMAN PRINCESS. 287 


Afion and F orce of armed Loadjones 5 


1 exerts its greateſt force, becauſe there its poles 
are collected; and each foot is capable of ſupport- 


ing a weight of i iron, greater or leſs in proportion to = 


the excellency of the loadſtone. 


Thus a loadſtone AA, BB, 7 plate III. fo. 9.) 
armed with plates of iron aa and bb, terminating m 
the feet A and 1B, will ſupport by the foot A not 
only the iron ruler CD, but this laſt will ſupport 
another of ſmaller ſize E F, this again another ſtill 
ſmaller GH, which will in its turn ſupport a needle 


IK, which, finally, will attract filings of iron L; 


5 becauſe the magnetic matter runs through all theſe 
pieces to enter at the pole A; or if ! it were the 
other pole, by which the magnetic matter iſſues 
from the loadſtone, it would in like manner run 
5 through the pieces , EF, GH, IK. | Now, OD 
often as the matter is tranſinitted from one piece 1 
another, an attraction between the two pieces is 
obſervable, or rather, they are impelled toward each 
other by the ſurrounding ether, becauſe the current 


. of the magnetic matter between tem, diminiſhes 


s the preſſure of that fluid. 


T the feet of its armour, then, a loadſtone 55 
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When one of the poles of the loadſtone is this | 
loaded, its vortex undergoes a very remarkable 
change of direction; for as, without this weight, 
the magnetic matter which iſſues from the pole B, 
directing around its courſe, would flow toward the 
other pole A; and as now the entrance into this 
pole is ſufficiently ſupplied by the pieces which it 
ſupports, the matter iſſuing from the pole B muſt . 
take quite a different road, which will at length 
conduct it to the laſt piece IK. A portion of it 


will, undoubtedly, be likewiſe conveyed toward the 5 
laſt but one G H, and toward thoſe which precede 


it, as thoſe which follow, being ſmaller, do not ſup- | 


ply in ſufficient abundance thoſe which go before, . 


but the vortex will always extend to the laſt piece. 


© By theſe means, if the pieces are well proportioned | 


to each other, in length and thickneſs, the loadſtone 
is capable of ſupporting much more, than if it were 


loaded with a ſingle piece, in which the figure likewi 3 


enters principally | into conſideration. But in order 
to make it ſuſtain the greateſt poſſible weight, we 
g muſt contrive to unite the force of both poles. 
For this purpoſe, | there is applied to the two 


poles A and B, (plate IV. fig. 1. .) a piece of ſoft 
iron CD, touching the baſes of the feet in all 


points, and whoſe figure is ſuch, that the magnetic 
matter which iſſues from B ſhall find in it the moſt 
commodious paſſage to re-enter at the other ex- 
tremity A. Such a piece of iron is called the ſup- 
porter of the loadſtone ; and as the magnetic mat- 
ter 
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ter enters into it; on iſſuing from the loadfionc at 
B, and enters into the other pole A on iſſuing from 
the ſupporter, the iron will be attracted to both 
poles at once, and conſequently adhere to them 
with great force. In order to know how much 
power the loadſtone exerts, chere is affixed to the 
ſupporter at the middle P, a weight P, which is in- 
creaſed till the loadſtone is no longer capable of 
| ſuſtaining it; and then that weight is ſaid to coun- 
| terbalance the magnetic power of the loadftone : 
tis is what you are to underſtand when told, that 
ſuch a loadſtone carries ten pounds weight, ſuch 
another thirty, and fo on. Mahomet's coffin, they 
_ pretend, is ſu ported by the force of a loadſtone; 3 
| a thing by no means impoſſible, as artificial mag- 
nets have already been conſtructed which carry more 
than 100 pounds weight. | 
A loadſtone armed with its ſupporter 5 no- 
thing of the magnetic matter, which performs its 
| complete vortex within the loadſtone and the iron, 
ſo that none of it eſcapes | into the air. Since, tien, 
magnetiſm exerts it's power only | in fo far as the 
matter eſcapes from one body to enter into ano- | 
| ther; a loadſtone whoſe vortex is ſhut up, ſhould 
no where exert the magnetic power; nevertheleſs 
when it is touched on che plate at 4 with the point 
of a needle, a very powerful attraction is percepti- 
ble, becauſe the magnetic matter being obliged ſud- 
denly | to change it's direction, in order to enter In- 
to the canals of the loadſtone, gnds a more commo- _ 
Vor. II. 5 55 8 dious 
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dious paſſage by running through the needle, which 
vill conſequently be attracted to the plate 44. But, 
by that very thing, the vortex will be deranged in- 
wardly ; it will not flow ſo copiouſly into the feet; 
and if you were to apply ſeveral needles to the plate, 
or iron rulers ſtill more powerful, the current to- 
ward the feet would be entirely diverted, and the 
force which attracts the ſupporter would altogether 
diſappear, fo that it would drop off without effort. 
Hence it 1s evident, that the feet loſe their magnetic 
power in proportion as the loadſtone exerciſes it s 
force in other places, and thus we are enabled to ac- 
count for a variety of very ſurprizing phenomena, 85 
which, without the theory, would be e in⸗ 
explicable. 5 „„ 5 
TS UÞ the proper place for introducing the ex- 
periment which demonſtrates, that after having ap- 
1 plied it's ſupporter to an armed loadſtone, you may 
g⁰ on, from day to day, increaſing the weight which 
it ĩs able to ſuſtain, till it, at length, ſhall exceed the 
double of what it carried at firſt, It is neceſſary t to 
= ſhew, therefore, how the magnetic force may, in 


time, be increaſed in the feet of the armour, The 


_ caſe above deſcribed, of the derangement of the 


vortex, aſſures us, that at the moment when the 
ſupporter 18 applied, the current of the magnetic 
matter is ſtill abundantly irregular, that a conſidera- 
ble part of it is ſtill eſcaping by the plate bb, and 
that it will require time io force magnetic canals 
in the iron; it is likewiſe probable that, when the 


currem 
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current ſhall have become more free, new canals may 


be formed in the loadſtone itſelf, conſidering that it 
contains, beſide thoſe fixed canals, moveable poles, 
as iron does. But on violently ſeparating the ſup- 

porter from the loadſtone, the current being diſ- 
turbed, and theſe new canals in a great meaſure de- 


ſtroyed, the force is ſuddenly rendered as ſmall as 


at the beginning; and ſome time muſt intervene 
before theſe canals, with the vortex; can recover 
their preceding ſtate. I once conſtructed an arti- 
ficial magnet, which at firſt could ſupport only ten 
pound weight, and, after ſome time, I was ſur- 
priſed to find that it could ſupport more than thirty. 
It is remarked, chiefly in artificial magnets, that 
time alone ſtrengthens them con ſiderably, but that 
this increaſe of force laſts only | till the 6 ſupporter is 
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LETTER LXVIIL. 


7 he Manner of communicating 10 Steel the Magnetic 
Force, and of magnetixing Needles for the Compaſs : 


the Simple Touch, its Defects; Means 9 — . 


5 


AVING explained the nature of magnets in 
general, an article as curious as intereſting 


ſtill remains, namely, the manner of communicating 


to iron, but eſpecially to ſteel, the magnetic power, 
and even the higheſt degree e of chat 
power. . 
Fou have ſeen that, by placing iron in the vor- 
| tex of a loadſtone, it acquires a magnetic force, but 
Which almoſt totally diſappears, as ſoon as it is re- 
moved out of the vortex; and that the vortex of 
the earth alone is capable, i in time, of impreſſing "wy 
ſlight magnetic power upon iron ; now, ſteel being 
harder than iron, and almoſt entirely inſenſible to 
this action of the magnetic vortex, more powerful 5 
- operations muſt be employed to magnetize it; but 
then it retains the magnetic force much longer. . 
For this purpoſe we muſt have recourſe to touch- 
5 ing, and even to friction. I begin, therefore, with : 
explaining. the method formerly employed, for- 
magnetieing the needles of compaſſes; the whole 2 


operation 1 
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operation conſiſted in rubbing them at the pole witch 


a good loadſtone, whether naked or armed. 


The needle abc (plate IV. fig. 2.) was laid on a 
table; the pole B of the loadſtone was drawn over 
it, from þ toward a, and, being arrived at the ex- 
tremity a, the loadſtone was raiſed aloft, and brought 


back through the air to 5; this operation was re- 


8 


muſt be from à to 5. 


This method of rubbing or touching, is s denomi- 5 
nated the ſimple touch, 3 the operation is per- 15 
formed by touching with one pole only; but it is 
extremely defective, and communicates but very 
little power to the needle, let the loadſtone be ever 
fo excellent; accordingly i it does not ſucceed, when 
the ſteel is carried to the higheſt degfee of hard- 
_ neſs, though this be the fate beſt adapted to the 
retention af magnetiſm, You will yourſelf readily 
diſcern the defects of this method by the | imple touch. 
* 


peated ſeveral times together, particular care being 
taken that the other pole of the loadſtone ſhould 
not come near the needle, as this would have diſ- 
turbed the whole proceſs. Having ſeveral times 
drawn the pole B of the loadſtone over the needle 
from b to a, the needle had become magnetic, and 
the extremity 4 of the ſame name with that of the 
Ioadſtone with which it had been rubbed. In order 
to render the extremity 5 the north pole, it would 
have been neceſſary to rub with the pole of this 
name in the loadſtone, proceeding from 3 to 2; 
but in rubbing with the ſouth Pole, the progreſs 
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Let us ſuppoſe that B is the pole of the loadſtone 
from which the magnetic matter iſſues, as the ef. 
fect of the two poles is ſo ſimilar that it is impoſ- 7 
ſible to perceive the lighteſt difference: having 

reſted the pole on the extremity b of the needle, the 
magnetic matter enters into it with all the rapidity | 
5 with which it moves in the loadſtone, incomparably 5 


I greater than that of the vortex which! is in the ex- 
ternal air. But what will become of this mat- 85 


ter in the needle? It cannot get out at the ex- 
tremity 6, it will, therefore, make an effort to force 
it's Way through the needle toward a, and the pole 
B moving in the fame direction, will aſſiſt this ef- 
fort; but as ſoon as the pole B ſhall arrive at 4, 
the difficulty of eſcaping : at the extremity a will oc- 
caſion a contrary effort, by which the magnetic | 


matter will be impelled from à toward 3; and be- 


fore the firſt effect is entirely deſtroyed, this laſt 
cannot take place. Aſterwards, when the pole B is 
again brought back to the extremity 35 this laſt ef- 
fect 1s again deſtroyed, but withaut producing, 5 
however, a current in the contrary direction from 
b toward a; and conſequently, when the pole B ſhall 
have got beyond c in it's progreſs toward 4, it will 
more eaſily produce a current from @ to 55 eſpe- 
cially if you preſs more hard on the half ca: hence 
it is clear, that the needle can have acquired only * 
ſmall degree of the magnetic power. 
Some, accordingly, rub only the half ca 1 late 
* os 10. F proceeding from c to a, and others 
| | touch 


touch only the extremity à of the needle, with the 


pole B of the loadſtone, and with nearly the ſame 


: ſucceſs, But 1 it is evident that the magnetic matter 
which enters by the extremity a only, is incapable 
of acting with ſufficient vigor on the pores of the 
needle, for arranging them conformably to the laws 
of magnetiſm; and that the force impreſſed by this 
method muſt be extremely ſmall, if any thing when 


the ſteel is very much hardened. 


It appears to me, then, that theſe defects of he 
7 mple touch might be remedied in the following , 
manner ; of the ſucceſs of which 1 entertain no 
doubt, though 1 have not yet tried it, but am con- 
firmed i in my opinion by e which 1 have 


made. 


| would caſe te extremity 3 of the needle, ( Plate 
I. Ag. 11.) in a ruler of ſoft iron EF; and I 
- ſhould think it proper to make that ruler very thin, 
and as ſtraight as poſſible, but the extremity muſt 
be exactly applied in all points, and even fitted to 
BM groove perfectly adjufted for its reception. On 
. reſting the pole B of the loadſtone upon the extre- 
mity 5 of the needle, the magnetic matter which 
enters into it, meeting ſcarcely any difficulty i in it's 
progreſs through the iron ruler, will at once purſue 


it's courſe in the direction 4d; and i in proportion 


as the pole advances toward a, the magnetic mat- 


ter, in order to continue this courſe, has only to 


arrange the pores on which it immediately 1 


and having reached a, all theſe pares, or at leaſt 
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by far the greater part of them, will be already dif- 
poſed conformably to that direction. When you 
aſterwards re- commence the friction at the extre- 
mity 5, nothing is deftroyed, but you continue to 
perfect the current of the magnetic matter, follow- 
ing the ſame direction bd by likewiſe arranging the 
pores which reſiſted the firſt operation, and thug 
the magnetic canals, in the needle, will always be- 
come more perfect. A few ſtrokes of the pole B 
will be ſufficient for the purpoſe, provided the load- 
ſtone i is not too weak: and 1 have no doubt, that 
75 the beſt tempered ſteel, that i 1s, rendered as hard as 
poſſible, would yield to this method of operating; 


an unſpeakable advantage in the conſtruction of-. 


compaſſes, as it has been found that ordinary needles - 
frequently loſe, by a flight accident, all their mag- 
netic power; by which ſhips at ſea would be ex- 
poſed to the oreateſt dangers, if they ] had not others 

-- In reſerve. i But when needles are made of well | 
rempered ſteel, accidents of this kind are not fo 
much to be apprehended; for if a greater force 'T 
requiſite to render them magnetic, in return they 

| preſerve the Power more e tenaciouſly. 1 2 


24h November, 1761. 
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Oi the Double Touch. Al of preſerving the 
5 Magnetic Matter in ; magnelized Bars. 


NST EAD of this method if magnetizing iron | 
or ſteel by the ſimple touch, by rubbing with one 
pole only of the loadſtone, we now employ the double 
touch, in which we rub with both poles at once, 
; which i is eaſily done by means of an armed load- i 
ſtone. . 
- Tet EF, < plate IV. + 4. ) be 2 bar of i iron or 
i ſteel which you wiſh to render magnetic. Having 
fixed it ſteadily on a table, you prefs1 upon it the 
two feet A and B of an armed loadſtone. In this : 
ſtate, you will eaſily ſee that the magnetic matter, TE 
| which iſſues from the loadſtone by the foot B muſt = 
penetrate into the bar, and would diffuſe itſelf in 
g all directions, did not the foot A, on it's ſide, attract 
the magnetic matter contained i in the pores of the i 
| bar. This evacuation, therefore, at 4 will deter- 5 55 
mine the matter, which enters by the pole R. i ---- 
| take it's courſe from c toward d, provided the poles PE 
A and B are not too remote from each other. 
Then the magnetic current will force 1 it's way in the 
bar, in order to paſs from the pole B to the pole 3 
8 it 8 pores to form magnetic canals; and = 
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it is very eaſy to diſcover whether this is taking 
place; you have only to obſerve if the loadſtone is 
powerfully attracted to the bar, which never fails, if 
ke bar is of ſoft iron, as the magnetic matter eaſily 
penetrates it. But if the bar is of ſteel, the attrac- 
tion is frequently very ſmall, a proof that the mag- 
netic matter is incapable of opening for itſelf a paſ. 
ſage from c to d; hence it is to be concluded that 
the loadſtone i is too feeble, or that the diſtance be- 
tween it's two poles is too great: in this caſe it would 
be neceſſary to employ a loadſtone more powerful, oe 
whoſe feet are nearer, or, finally, the armour of the 
loadſtone ought to be changed into the form repre- 7 
ſented 1 in plate IT. fig. 3 8 
But here is a method for remedying this i incon- 
| venience. a 
Having diſpoſed, at fimall intervals c 1 76 . . 
Ig. 4.) the pores conformably to magnetiſm, the 
15 loadſtone muſt be ſeveral times drawn backward 
and forward over the bar, from one extremity W 
the other, without taking it off, till you perceive 
that the attraction no longer increaſes; for it is un- 
doubtedly certain, that attraction is increaſed i in pro- 
portion to the increaſe of the magnetic force. Phe: 
bar EF will be magnetized by this operation, in 
ſuch a manner that the extremity E, toward which 
1 the pole A was turned, will be the friendly pole of A, 
1 | „ und conſequently of the ſame name with the other 
pole B. Again, on removing the loadſtone, as 
magnetic canals a are formed che whole length of the 
bar, 
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bar, the magnetic matter diffuſed through the air 
will force a paſſage through theſe canals, and will 
make the bar a real magnet, It will enter by the 
_ extremity 4 and eſcape 'by the extremity þ, from 
whence a part, at leaſt, will return to a, and will 
forma vortex ſuch as the nature of the bar per- 
mits. i 
I take this occaſion to remark, that the formation 
of a vortex is abſolutely neceſſary to the increaſe of 
magnetiſm z for if all the magnetic matter which 
goes out at the extremity þ were to fly off, and be 
entirely diſperſed, without returning to a, the air 
would not ſupply a ſufficient quantity to the other 
extremity a, which muſt occaſion a diminution of 
| the magnetic force. But if a conſiderable part of 
po that which eſcapes at the extremity returns to a, 
the air is abundantly able to ſupply the remainder, 
and perhaps ſtill more, if the magnetic canals of the 
bar are capable off receiving it; the bar will there- 
DE fore, | in that caſe, acquire a ; much greater magnetic 
= force. 5 5 
5 his conſideration leads me to explain how i it is 
poſſible to keep up the magnetic matter in magne- i 
tized bars. The object being to prevent the mag- 
netic matter, which pervades them, from diſperſing : 
in the air, theſe bars are always diſpoſed in pairs of 
exactly the ſame ſize. They are placed on a table, 2 
in a parallel ſituation, ſo that the friendly poles, or 
thoſe of different names, ſhould be turned to the _— 
ſame ſide as in 7 5 
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muſt be much more: efficacious than & = 
as from the Very firſt circuit perform by the load- 
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MM and NN repreſent the two bars, whoſe 
friendly poles a b, þ à are turned the ſame way. 


To prevent miſtake, a mark x is made on each 


bar, at the extremity where the north pole is, and 


to both ends is applied a piece of ſoft iron E E and 
F F, for receiving the magnetic current. In this 
manner, the whole magnetic matter which pervades 
the bar M M, and which iſſues at the extremity , 
paſſes into the piece of iron E E, where it eaſily 
makes its way, to enter at the extremity u of the 
other bar N N, from which! it will eſcape at the ex- 


tremity b | into the other piece of iron F F, which 


re- conveys it into the firſt bar M M by the extre- 
mity a. 1 hus the magnetic matter will continue to a 


circulate, and no part of it eſcape; and even in caſe 


: there ſhould not be at firſt a ſufficient quantity to 
ſupply the vortex, the air will ſupply the deficiency, 
and the yortex wil preſerve all 1ts force 1 in the twa- 
| bars. 


This diſpoſition t the two bars may 3 be 


employed for magnetizing both of them at once. 
The two poles of a loadſtone muſt be drawn over 
the two bars, paſling 1 from the one to the other by 
the pieces of iron, and the circuit muſt be ſeveral _ 
times performed, carefully obſerving that the two 
| Poles of the loadſtone Fo and B be turned as the 
figure directs. 


This method of magnetizing two 3 at once, 
e preceding, 


ſtone, 
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ſtone, the magnetic matter will begin to flow through 
the two bars by means of the two pieces of iron. 


| Afterwards, by repeated circuitous applications of 


the loadſtone to the bars, a greater quantity of pores 
will be arranged i in them conforinably to magnetiſm, 
and more magnetic canals will be opened, by which 


the vortex will be more and more ſtrengthened, 


without undergoing any diminution. If the bars 
are thick, it would be proper to turn and rub them, 5 
in the ſame manner, on the other 1 ſurfaces, in or- 
der that the magnelic action may e them 


; thoroughly. | . : 
Having obtained theſe magnetic bars M M, N N, 


( plate TV. fig. 6.) they ay be employed, in place 
of the natural loadſtone, for magnetizing others. 
They are joined together a-top, fo that the two 
friendly poles. a b may touch each other; and the 
other two poles below, b and a, are ſeparated as far 
as it is thought proper. Then we rub with the two 
under extremities, which ſupply the place of the 
T two poles of a loadſtone, two other bars E Fi in the 


manner which I have above explained. 


As theſe two bars are joined in the form of com- 

. paſſes, we have the advantage of opening the lower 
extremities as much or as little as we pleaſe, \ which 

cannot be done with a loadſtone; and the magnetic ” 

current will eaſily paſs a-top, where the bars touch 

__ each other, from the one to the other. A ſmall _ 
| Piece of ſoft iron P might likewiſe be applied there, 
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the better to keep up the current: and in this man- 
ner you may eaſily and ſpeedily magnetize as many 
double bars as you pleaſe, 

284 November, 1761. 


1. E T T ER : LXX. 


The Method of communicating to Bars of Steel a very 
. e Magnetio Force, by Means fo ther Bars which 
Bave it in 4 very inferior Degree. 


\HOU GH this method of magnetizing by the 
1 double touch be preferable to the preceding, 
the magnetic power, however, cannot be carried 
beyond a certain degree. Whether we employ 'W 
natural loadſtone, or two magnetic bars for rub- 


5 bing other bars, theſe laſt will never acquire ſo 


much force as the firſt; it being impoſſible that the 

10 effect ſhould be greater than the cauſe. 

If the bars with which we rub have little force, 
thoſe which are rubbed will have till leſs: the rea- 


ſeon is evident; for as bars deſtitute of magnetic 


force never could produce i it in others, ſo a mode- 
rate degree of force is incapable of producing one 
greater than itſelf, at leaſt by the method which 1 
have been deſcribing. a> 
But this rule is not to be 1 in the - ſtrict in- 
terpretation of the words, as if it were W im- 
a N 
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poſſible to produce a greater magnetic force by the 
aſſiſtance of a ſmaller. I am going to point out a 
method by which the magnetic power may be in- 


creaſed almoſt as far as you pleaſe, beginning with 


the ſmalleſt degree poſſible. This is a late diſco- 


very, which merits ſo much the more attention that 


it throws much light on a very difficult ſubject, the 
nature of magnetiſm. 


Suppoſing me poſſeſſed of a a very ebe loadſtohe, T 
or, for want of a natural magnet, o of bars of iron 
rendered ſomewhat magnetic, merely by the vortex 
of the earth, as I explained it in a preceding letter, 
] then provide myſelf with eight bars of ſteel very 
ſmall and not hardened, in order the more eaſily to 
receive the ſmall degree of magnetic power which 
the feeble loadſtone, or lightly magnetized bars, are 
capable of communic ating, by rubbing each pair 
or couple in the manner I formerly deſcribed. i 
. Having then eight bars, magnetic but in a very 
ſmall degree, I take two pair, which I ; Join together 


in the manner repreſented, plate IT. fig. 7 


By uniting the two bars by the poles bo he fame 
name, I form but one of double the thickneſs, and 
with which I form the compaſs A C and B D; the 


better to keep up the magnetic current, a piece of 


ſoft iron P may be applied at the top CD. The 


legs of the compaſs may be ſeparated as far as is 


judged proper, and I rub with them, one after the 
other, the remaining bars, which will thereby ac 
quire more power than they had n becauſe the 
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powers of the firſt are now united. I have now only 
to join theſe two pair newly rubbed, in the ſame 
manner, and by rubbing with them one after the 
other, the two pair firſt einployed, and the power of 
| theſe will be conſiderably. increaſed, I afterwards 
Join theſe two pair together, and go on rubbing 
others in order to augment their magnetic force, 
and ſtill two pair with two pair alternately; and by 
repeating this operation the magnetic power may 
be carried to ſuch a degree, as to become inſuſ- 
5 ceptible of farther increaſe, even by continuing the 
operation. When we have more than four pair of 
ſuch bars, inſtead of two pair, three may be joined 
together for the purpoſe of rubbing others; they 

will thereby be ſooner carried to the higheſt degree 5 
poſſible. 

The greateſt obſtacles : are, therefore, ſurmounted, 
| and, by means of ſuch bars joined together by two 
or more pairs, we may rub others of ſteel properly 
hardened, and which may be either of the ſame ſize; 

or ſtill greater than the firſt, to which the greateſt 
power of which they are ſuſceptible may be thus 

: communicated. 
Beginning \ with ſmall bars ſuch as I have deſcribed, 

theſe operations may be ſucceſſively applied to bars 
of an enormous ſize, and made of the hardeſt ſteel, 

which is leſs liable to loſe the magnetic power. Only 
it is to be obſerved, that for the purpoſe of rubbing 

large bars, ſeveral pairs ought to be joined 8 
whoſe united weight ſhould be at leaſt double that 

. b e of 
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of the large one. But it would always be better to 
proceed by degrees, and to rub each ſpecies of bars 
- with bars not much ſmaller than themſelves, or it may 
be ſufficient to join at moſt two pair: for when we 


are obliged to join more than two pair, the extre- 


mities with which the friction is performed will ex- 
tend too far, and the magnetic matter, which paſſes 
that way, will irſelf prevent it's being directed con- 


formably to the direction of the bar at is rubbed; 


and the rather, that it enters the bar perpendicular- 
ys whereas 1 it neceſſ larily ſhould take a horizontal di- 


rection. 


In order to facilitate this hangs a Sredtion, i it 
is proper that the magnetic matter ſhould be led to 


it in a ſmall ſpace, and in à direction already ap- 


proaching to that which it ought to take within the 
bar which we are going to rub. The following me- 


 thod, I think, might be effectual for this purpoſe. 


Plate IV. fg. 8. repreſents five pair of bars M M. : 
NN, joined together, but not in the form of a com- 
paſs. There is at-top a bar of ſoft | iron CD, to 
keep up the vortex; below, I do not rub imme 

diately with the extremities of the bars, but I caſe 

theſe extremities on each fide in a foot of ſoft iron, 
faſtening them to it with ſcrews marked O. Each 
foot is dent at A and B, ſo that the direction of the 


magnetic matter, which freely pervades theſe feet, 


already has a conſiderable approximation to the ho— 
rizontal, ſo that in the bar to be rubbed E F it has 
no need greatly to change its direction. I have no 
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doubt that, by means of theſe feet, the bar E F will 
receive a much greater magnetic power, than if we 
rubbed immediately by the extremities of the bars, 
the depth of whoſe vertical direction naturally op- 


poſes the formation of horizontal magnetic canals in 
the bar E F. It is likewiſe poſſible, in practiſing this 


method, to contract or extend the diſtance of. the 


feet A and B, at pleaſure. 
I muſt farther obſerve, that when theſe bars loſe, 


in time, their magnetic power, it is eaſily reſtored 


by the ſame operation. 
is December, 1 761. 


LETTER LXXI. 


cane, g artificial Magnets in Form 7 2 
3 n's Shoe. - 


7 HOEV ER withes to maks experiments 
VV onthe properties of the loadſtone, ought to 
5 be provided with a great number of magnetic bars; 

from a very ſmall, up to a very large ſize. Each 
may be confidered as a particular magnet, having 
its two poles, the one north and the other ſouth. 
Lou muſt have conſidered it as extremely re- 
1 markable, that by the interpoſition of the magnetic 
Power, the feebleſt which can be ſupplied by a 
a Bs wretched 
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wretched natural loadſtone, or by a pair of tongs in 


the chimney corner, which have acquired by length 
of time a ſmall portion of magnetiſm, we ſhould be 
enabled to increaſe that power to ſuch a degree, as 
to communicate to the largeſt bars of ſteel, the high- 
eſt degree of magnetic force of which they are ſuſ- 
ceptible. It would be needleſs to add that, by this 
method, we are enabled to conſtruct the beſt mag- 
netic needles, not only much larger than the com- 
mon, but made of a ſteel hardened to the higheſt de- 
gree, which renders them more durable. I have 
only a few words to add on the conſtruction of arti - 
ficial magnets, which have uſually the form of a 


horſe-ſhoe, as you muſt no doubt have ſeen. | 


_ Theſe artificial magnets anſwer the fame pur- | 
poles, on every occafion; as the natural, with this ad- 
vantage in their favour, that we can have them 
noch. more powerful, by giving them a ſufficient 
magnitude. They are made of well-tempered ſteel, 
and the figure of a horſe-ſhoe ſeems the moſt pro- 
per for keeping up the vortex. When the mecha- 
nic has finiſhed his work, we communicate to it the 
greateſt degree of magnetic power of which it is 
ſuſceptible, by means of the magnetic bars of which 
I have given a deſcription. | It is evident that the 
greater this magnet is, the larger muſt be the bars 
we employ; and this is the reaſon why we mould be | 
er Provided with bars of all ſizes. 
In order to magnetize a horſe- ſhoe H L6, 0 ** 
. A. 9: 5 which ought to be of ſteel well 8 2 
2 e ed, 
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ed, we place on the table a pair of magnetic bars 
AC and BD, with their ſupporters of ſoft iron ap- 
plied on both ſides, but of which the figure repre- 
ſents only one E F, the other having been removed 
to make way gradually for the application of the 
feet of the horſe-ſhoe, as you ſee. In this ſtate, the 
magnetic matter, which pervades the bars, will 
wake ſtrong efforts to paſs through the horſe-ſhoe, | 
the poles of the bars being adapted magnetically to 
thoſe of the horſe-ſhoe; bur conſidering the hard- 


range the pores and open for itielf a paſſage. The 
fame means, therefore, muſt be employ ed to this 
effect, which were preſcribed for the magnetizing 
of bars. We take a compals formed of another 
pair of magnetic bars, and rub them in the ſame 
manner over the horſe- hoc; magnetic canals will 
thereby be opened, and the ſubiile matter of the 


fluid. Particular care muſt b e taken, in this opera- ; 
tion, that the legs of the compaſs, in paſſing over 


B of the bars; for this would diſturb the © current of 
the magnetic matter, which would paſs imcmexiarely 


vortices of the bars and of the compal 5 would mu- 
tually derange each other, 


power, being pervaded by an impetuous magnetic 
current. 21 that rem ans to be done, e e 
che 


neſs of tempered ſteel, it will not be ſufficient to Ar - 


bars, by pervading . will form the vor tex of that 5 


the horſe-ſhoe, bs not touch the extremities A and-- - 
| from the bars into the legs of the compaſs; or, tha 


The horſe. ſhoe will thereby acquire very great 
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the bars, without deranging the current. If they 
are ſeparated violently, the magnetic vortex will be 
deſtroyed, and the artificial magnet will retain very 
little power. 
The canals being kept up no longer than the 
magnetic matter pervades them, it muſt be con- 


cluded, that the particles which form theſe canals 
areina forced late, and that this ſtate ſubſiſts only 
while the vortex acts; and that as ſoon as it ceaſes, 
theſe particles, by their elaſticity, will deviate from 
their forced ſituation, and the magnetic canals will 


be interrupted and deſtroyed. This we clearly ſee 


in the caſe of ſoft iron, whoſe pores are quickly ar- 
ranged, on the approach of a magnetic vortex, 
but retain ſcarcely any magnetic power, when re- 
moved out of the vortex. This proves that the 
pores of iron are moveable, but endowed with an 
elaſticity which changes their ſituation, as ſoon as 
force ceaſes, It requires length of time to fix 1 = 
tain pores in the poſition impreſſed on them by the 


magnetic force, Which takes place chiefly | in bars of 


tron long expoſed to the vortex of the earth.” "The 
= pores of} ſteel are much leſs flexible, and better ſup- : 
Port the ſtate into which they have been forced; 
they are, however, liable to ſome derangement, as 
| ſoon as force ceaſes to at on them, but this de- 
a: rangement 1s leſs ! in proportion to the hardneſs of 
the feet. For this reaſon, artificial magnets ought 
to be made of the hardeſt ſteel: were chey to be 


made of! iron, they would immediarely acquire, on 
X 3 5 being 
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being applied to magnetic bars, a very great degree 
of power; but the moment you detach them, all 
that power would diſappear. Great precaution | 
muſt, therefore, be employed, in ſeparating from 


j the bars magnets compoſed of well-tempered ſteel. 
[ For this purpoſe, before the ſeparation, you preſs. 
It; the ſupporter, which is of very ſoft i Iron, in the di- 
| 1 rection of the line MN, (plate IV. Ag. 10.) taking 
a particular care not to touch the bars with i it, for this 
1 would mar the whole proceſs, and oblige you to re- 
ll; peat the operation. On the application of the ſup- | 
| porter, a conſiderable portion of the magnetic mat- 
1 ter which is circulating in the magnet G HI, will 
1 make its way through | the ſupporter, and form a ſe- 
i! parate vortex, which will continue after the magnet 5 


is detached from the bars. 5 
' Afterwards you preſs the ſupporter lowly for- 
ward over the legs of the magnet to the extremities 
— repreſented 1 in the figure, and | in this ſtate permit 
it to reſt for ſome time, that the vortex may be al- 
| lowed to ſettle. The ſupporter i is likewiſe furniſh- „ 
ol with a weight P, which may be increaſed everx 
= day; it being always underſtood, that the ſupporter 5 
1s to be ſo perfectly adjuſted to the feet of the 8 5 
net, as to touch them 1 in all Points. | 
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LETTER LXXII. 


On Dioptricks; Inſtrumenis which that Science ſup- 
Plies: of Teleſcopes and Microſcopes. Different Fi- 


. given lo ne or Lofes. 


$ HE wonders of dioptricks will now, I think, 
furniſh a ſubject worthy of your attention. 


This ſcience provides us with two kinds of inſtru- 
ments compoſed of olaſs, which ſerve to extend our 
ſphere of viſion, by diſcovering g objects which would - 


. the naked eye. 


There are two caſes 1 in which the eye nods af: ” 
. ſiſtance: the firſt 1 is, when objects are too diſtant . 
admit of our ſeeing them diſtinctly; ſuch are the 
heavenly bodies, reſpecting which the moſt 1 import- 
ant diſcoveries have been made by means of diop- 
trical inſtruments. You will pleaſe to recollect 
what J have ſaid, concerning the ſatellites of Jupiter, 
which aſſiſt us in the diſcovery of the longitude : 
5 they are viſible only with the aid of good teleſcopes, 5 
and thoſe of Saturn require teleſcopes of : a full bet- 
2 ter conſtruction. 5 . . 
There are, beſides, on the 1 of the earth. 
objects very diſtant, which it is impoſſible for us to 
ſee, and to examine in detail, without the aſſiſtance 
of teleſcopes, which repreſent chem to us in the fame 
manner, as if they were near. Theſe dioptrical 
— glaſſes or inſtruments, for viewing diſtant bodies, are 
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denominated by the term we have already employ- 


ed, tere/copes or Perpecttves. 


The other caſe, in which the eye needs aſſiſtance, 
15 when the object, though lufficiently near, is tog 
ſmall to admit of a diſtinct examination of its parts. 


If we wiſhed, for example, to diſcover all the parts 
of the leg of a fly, or of any inſect ſtill ſmaller: if we 
were diſpoſed to examine the minuter particles of 


the humen body, ſuch as the ſmalleſt fibres of the 
muſcles, of the neryes, it would be impoſſible to ſuc - 


8881 without the help of certain inſtruments called 
microſcopes, which repreſent ſmall objects in the ſame 


manner as if they were a hundred or a thouſand | 


times greater. 


Here then are two kinds of inftruments, ale” 


ſcopes and microſcopes, furniſhed by dioptricks for 
aſſiliing the weakneſs of our ſight. A few ages 
only have elapſed ſince theſe inſtruments were in- 
vented; and from the era of that invention muſt be 
dated the moſt important diſcoveries j in eee 
by means of the e and in phyfig by the 
microſcope. 


Theſe wonderful effects : are 1 merely by 


the figure given to bits of glass, and the happy 
combination of two or more glaſſes, which. we de : 
nominate lenſes. Dioptricks i is the ſcience that un; 


folds the principles on which ſuch. inſtruments are 


conſtructed, and the uſes to which they are applied, 
and you will pleaſe to recollect that! it turns chiefly 


on n the direction which rays of light take on pailing * 


through | 
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through tranſparent mediums of a different quality; 
on paſſing, for example, from air into glaſs or water, 
and reciprocally from glaſs or water into air . 
As long as the rays are propagated through the 
fame medium, fay air, they preſerve the ſame di- 
rection, in the ſtraight lines LA, LB, E, L 
(plate IV. fg. 2.) drawn from the luminous point 
L, whence theſe rays proceed, and when they any 
where meet an eye, as ar C, they enter into it, and 
there paint an image of the object from which they 
proceeded. In this caſe the viſion 1s denominated = 
- ſimple, or natural; and repreſents to us the objects 
as they really are, The ſcience, which explains to 
vs the principles of this viſion, is termed optics. 
But when the rays, before they enter into the 
- eye, are reflected on a finely poliſhed. ſurface, ſuch 
Ls a a mirror, the viſion is no longer natural; as 
in this caſe we ſee the objects differently, and i in a 
different place, from what they really are. The 
ſcience which explains the phenomena preſented to 
us by this viſion from reflected rays, is termed cat- 
5 optricks. It too ſupplies us with inſtruments cal- 
culated to extend the ſphere of our viſion, and you 
are acquainted with ſuch ſorts of inſtruments, which, 
by means of one or two mirrors, render us the 
. ſame ſervices as thoſe conſtructed with lenſes. Theſe 
are what we properly denominate zeleſcopes : but in 
order to diſtinguiſh them from the common per- 
ſpectives, which are compoſed | only of glaſſes, it 
: would be better to call them co — —.— reflecting 
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teleſcopes. This mode of expreſſion would at leaſt 
be more accurate; for the word teleſcope was in 
uſe before the diſcovery of reflecting inſtruments, 


and then meant the ſame thing with perſpective. 


I propoſe, at preſent, to confine myſelf entirely 


to dioptrical inſtruments, of which we have two 


ſorts, teleſcopes or perſpectives, and microſcopes. 
In the conſtruction of both we employ glaſſes form- 
ed after different manners, the various ſorts of 


which IJ am going to explain. They are principallyß 
three, according to the figure given to > the ſurface 
of the glaſs. 


Ihe firſt is the plane, when the ſurface of a glaſs 


Co plane on both ſides, as that of a common mirror. 
If you were to take, for example, a piece of looking- 8 
glaſs, and to ſeparate from it the quick- ſilver which 1 
adheres to its farther ſurface, you would have a glaſs 

both of whoſe ſurfaces | are Plane, and of the tame 

thickneſs throughout. OO 


The ſecond is the convex: a glaſs of this denomi- 55 
nation 1s more raiſed i in che middle than toward the ; 


| The third i is hs concave : ſuch a glaſs 1 i hollow 


toward the middle, and riſes toward the ed; ge. 


Of theſe three different figures, which may be 
given to the ſurface of a glaſs, are produced the ix 


ſpecies of glaſſes repreſented I in Fg. 12. 


I. The e N as both its ſurfaces 


22 
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II. The plano-comvex g eh has one ſurface plane 


and the other convex. 


III. The Plano-concave has one ſurface Plane and 


the other concave. 


IV. he CONVEX -CONVES, or double © convex, has both 


| ſurfaces Convex. 1 
V. The convexo- concave, or meniſcus, has one ſur- 
face convex and the other concave. 


VI. Finally, the concavoconcave, or double concave, 


has both furfaces concave. 


It is proper to remark that the figure repreſents 


5 the cut of theſe glaſſes or lenſes. 
846 Decenter, 1761. 


LETTER LXXIII. 


: Diftrence of Links with 18 to the Curve of their 
. i Difribution of Lenſes into T bree * . 


\RO M what I have faid tis the convex | 
and concave ſurfaces of lenſes, you will eaſily 
| comprehend thar their form may be varied without 

end, according as the convexity and concavity are 
greater or leſs. There is only one ſpecies of plane 
ſurfaces ; becauſe a ſurface can be plane in one man- 
ner only; but a convex ſurface | may be conſidered 


28 making part of a ſphere, and, according as the _ 
I MIS NECES radius 
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rhus or diameter of that ſphere is greater or leſs, 
t. convexity will differ; and as we repreſent lenſes 
on paper by ſegments of a circle, according as theſe 


circles are greater or leſs, the form of lenſes muſt be 
infinite with reſpect both to the convexity and con- 


cavity of their turfaces. 


As to the manner of forming and poliſhing glaſſes, 


all poſſible care is taken to render their figure ex- 


actly circular or ſpherical; for this purpoſe we em- 


ploy baſons of metal for med by the turning ma- 


chine, on a ſpherical ſurface, both inwardly Mc 
outwardly. 


Let A E BDF 2 plate I. + 13.) be the 


form of ſuch a baſon, which ſhall have two ſurfaces 
AE Band CF D, each of which may have its ſe- 
parate radius; when a piece of glaſs i is rubbed on 
the concave f de of the baſon A E B, it will become 
convex; but if it is rubbed on the convex 1 
CF D, it will become concave. Sand i is, at firſt, 
uſed. in rubbing the claſs on the baton, till it ba. 
acquired the form, ind after that, A fine ſpecies of 
earth, to give it the laſt poliſh. 


In order to know the real figure of the ſurfaces of 


a lens, you have only to meaſure the radius of the 
oY furface of the baſon, on which that lens was formed; | 
for the true meaſure of the convexity and concavity 
Of ſurfaces, 1 is the radius of the circle or ſphere which 
correſponds to them, and of which they make a part. 


Thus, when it is ſaid, that the radius of the con- 


vex furface AE B ( piate F. g. 1.) is three inches, 


the 
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the meaning is, that A E B is an FT of a circle 
deſcribed with a radius of three inches, the other 
ſurface & B being plane. 
That I may convey a Nill clearer idea of the dif- 
ference of convexities, when their radii are greater 


or lefs, I ſhall here preſent you with ſeveral figures 5 


of different convexity ; (fee plate V. fig. 1.) 
From this you ſee, that the ſmaller the radius i is, 


the greater is the curve of the ſurface, or the greater 
"Ws difference from the plane; on the contrary, the 
8 greater the radius is, the more the ſurf. ce ap- - 

proaches to a plane, or the arch of the circle to a 
ſtraight line. If the radius were made ſtill greater, 
the curve would at length become hardly percepti- 
ble. You ſcarcely perceive it in the arch MN, 
(Ag. 2. ) the radius of which is fix inches, or half 4 

| foot; and if the radius were ſtill extended to ten or 


a hundred times the magnitude, the curve would be- 
come altogether imperceptible to the eye. 5 
But this is by no means the caſe as to dioptricks; ; 


N F ſhall afterwards demonſtrate, that though the = 
radius were a hundred or a thouſand feet, a ad the 
curve of the lens abſolutely imperceptible, the effect 
would nevertheleſs be abundantly apparent. The- 
radius muſt indeed be inconceivably great, to po 
duce a ſurface perfectly plane: from which you may 
5 conclude, that a plane ſurface might be conſidered 
as a convex ſurface whoſe radius is infinitely great, 
or as a concave of a radius infinitely g great. Here 
it 18 that convexity . — S are confound- 5 
£0, 
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ed, ſo that the plane ſurface is the medium which 
ſeparates convexity from concavity. But the ſmaller 
the radii are, the greater and more perceptible do 
the convexities and concavities become; and hence; 


we fay reciprocally, that a convexity or concavity 


is greater in proportion as It's radius, which is the 
meaſure of it, is ſmaller. 
| However great, in other reſpects, may be the va- 
riety we meet with in lenſes or glaſſes, according as 
their ſurfaces are plane, convex, or Concave, and 


this ip an infinity of different manners; neverthe- 


leſs, with reſpect to the effect reſulting from them 
0- dioptricks, ey may be reduced t to the three / 
5 following claſſes: 5 
ee 3 Sales: which are every 
bers of an equal thickneſs; whether their two ſur- 


1 faces be plane and parallel to each other, (fe. 3-)or 


the one convex and the other concave, but con- 
centrie, or deſcribed round the ſame centre, 1 

Ng. 4.) fo that the thickneſs ſhall remain Der, 
where the ſame. It is to be remarked reſpecting 


_ glaſſes of this claſs, that they produce no change in 
the appearance of the objects which we view 
through them; the objects appear exactly the ſame 


88 if nothing interpoſed ; accordingly, they are of 5 
in manner bo! uſe in dioptricks. This is not becauſe 
the raßs which enter into theſe glaſſes undergo no 


refra&tion, but becauſe the 2 at the entrance 


is perfectly ſtraightened on going off, ſo that the 
rays, alter having patho through the glaſs, reſume 


= _ 
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the ſame direction which they had purſued before 
they reached it. Glaſſes, therefore, of the other two 
claſſes, on account of the effect which they pro- 
duce, conſtitute the principal object of dioptricks. 
The ſecond claſs of lenſes contains thoſe which 
are thicker at the middle than at the edge, ( . 3. 


I) heir effect is the ſame, as long as the exceſs of 
1 the thickneſs of the middle over that of the edge 
has the ſame relation to the magnitude of the lens. 
All lenſes of this claſs are commonly denominated 


convex, as convexity predominates, though other- 


ways one of their ſurfaces may be | as and even 


Concave. 


Ihe third claſs contains all thoſe lenſes which are 
| thicker at the edge that in the middle (plate V. 
g. b.) which all produce a ſimilar effect, depending 

on the exceſs of thickneſs toward the edge, over 
that in the middle. As concavity prevails in all 
ſuch lenſes, they are ſimply denominated concave. = 
Ĩ bey muſt be carefully diſtinguiſhed from thoſe of 
the ſecond claſs, which are the convex. 
- Lenſes of theſe two laſt claſſes are to be 8 ſub- - 
ject of my following letters, in which 1 ſhall « endea- 


0 vour to rape their effects 1 in dioptricks. 


1 1275 December, 1 176: I, 
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LETTER LXXIV. 
E fel of Cenvex aht 


TN order to explain the effect produced by both 


convex and concave lenſes, i in the appearance of 


| objects, two caſes muſt be diſtinguiſhed, the one 


when the object 18 very far diſtant from the lens, and ; 


the other when it is nearer. 


But before I enter on the explanation of this, 4 - 


muſt ſay a few words on what is called the axis of 

the lens. As the two ſurfaces are repreſented by 
ſegments of a circle, you have only to draw a 

firaight line through the centres of the two circles; 3 

this Une is named che axis of the lens. In fig. „ 
plate V. the centre of the arch AE B being at C, 
and that of the arch AFB at D, the ſtraight line 

CD is denominated the axis of the lens A B, and it 

18 eaſy to ſee that this axis paſſes through The mid- 


dle of it. The ſame thing would iy if the 


ſurfaces of the lens Were Concave. But, if one is 
plane, che axis will be perpendicular to it, paſſing 
_ through- the centre of the other ſurface. 


Hence jt is obvious, that the axis paſſes through - 


the two ſurfaces perpendicular ly, and that accord- 

: ingly, : a ray of light coming in the direction of the 
axis, will ſuffer no refraction, becauſe rays paſſing 
from one e medium into another are not broken or 


* : 
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refracted, except when they do not enter in a per- 
pendicular direction. 


It may likewiſe be proved that all other rays 


paſſing through the middle of the lens ©, undergo 


no refraction, or rather that they 1225 become pa- 
rallel to themſelves. 
It muſt be conſidered, in 01 der to comprehend 


the reaſon of this, that at the points E and F the 
two ſurfaces of the lens are parallel to each other, 
for the angle MEB, which the ray ME makes with 
the arch of the circle E B, or its tangent at E, is 
perfectly equal to the angle P F A, which this ſame 
ray Produced, F P, makes with the arch of the circle 
A F, or its tangent at F; you recollect that two 
ſuch angles are denominated alternate, and that it 
is demonftrated, when the alternate angles are equal, 
that the ſtraight lines are parallel to each other: 
conſequently the two tangents at E and at F will be 
parallel, and it will be the ſame thing as if the ray 
Fe M EFP paſſed through a lens whoſe two ſurfaces ” 
were parallel to each other. | N ow, we have al- 1 
ready ſeen that rays do not change cheir direction 
in paſſing through ſuch a lens. 5 
Having made theſe remarks, let us now conſider 
a convex. lens AB ( plate V. hy. $3: whoſe. axis 
ſhall be the ſtraight ] line OE F ; and let us ſup- 
poſe that there is in this line, at a great diſtance 
from the lens, an object or luminous point O, 
which diffuſes rays in all directions; ſome of theſe 
vill paſs through o our lens A B, ſuch as OM, OE, 
Vor. II. CCC ĩͤ LD 
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and ON; of which that in the middle 2 E will 
undergo no refraction, but will continue its direc- 
tion through the lens in the ſame produced ſtraight 
line FIP. The other two rays OM and ON, 


in paſſing through the lens toward the edge, will be 
refracted, both at entering and departing, ſo that 


they will ſomewhere meet the axis, ſay at I, and 


afterwards continue their progreſs in the directions 


IQ and I R. It might likewiſe be demonſtrated 


that all the rays which fall between M and N will 
be refracted, fo as to meet with the axis in the ſame 


point I. Therefore the rays which, had no lens ; 


DF interpoſed, would have pur ſued their rectilineal di- 


rection OM and ON, will, after the refraction, 
purſue other directions, as if they had taken their 
departure from the point I; and if there were an 


eye ſome where at P, it would be affected juſt as if 


the luminous point were actually at I, though there 
be no reality in this. You have only. to ſuppoſe. 8 
for a moment, that there is at I a real object, which, 
diffuſing its rays, would be equally ſeen by an eye 


pallüaced at P, as it now ſees the object at O by means 
55 of the rays refracted by the lens, becauſe there 1 is at 


I an image of the object O, and the lens AB there . 


1 8 repreſents the object O, or tranſports i it nearly 10 1. 
The point O is therefore no longer the object af -- 


5 viſion, but rather it's image, repreſented. at]; for = 
this is now it's immediate object. 
This lens, then, produces a very conſiderable 


change: an e JET. remote O is ſuddenly | 


En xe _ tranſported 
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tranſported to I, from which the eye muſt undoubt- 
edly receive a very different impreſſion from what 
it would do, if, withdrawing the lens, it were to 
view the object O immediately, Let O be conſi- 
dered as a ſtar, the point O being ſuppoſed extreme- 
ly diſtant, the lens will repreſent at I the image of 


that ſtar, but an image which it is impoſſible to 
touch, and which has no reality, as nothing nee 
I, unleſs it be that the rays proceeding from the 


point O are collected there by the refraction of the 
lens. Neither 1 is it to be imagined, that the ſtar 


would appear to us in the Le manner as if it 
really exiſted at 1. How could a body, many | 
thouſands of times bigger than the earth, tas 
point 17 Our ſenſes would be very differently 
ſtruck by! it: We muſt carefully remark, then, that 
an image only i is repreſented at I, like that of a ſtar 
be repreſented in the bottom of the eye, or that which 
we ſee in a mirror, the elfect of which has nothing _ 


to ſurprize. 


15th Decender, 1761. = 
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LETTER LXXV. 


T be fame $ ul ject: Diſtance of the F ocus of 8 ner 
Len Mes. 


" ME AN to » employ this letter in glen the 
effect produced by convex lenſes, that is, ſuch 


as are thicker at the middle than at the edge. The 
whole conſiſts in determining the change which rays 
undergo in their progreſs, on paſſing through ſuch 


a glaſs. In order to place this ſubject in its cleareſt ; 


5 light, two caſes muſt be carefully diſtinguiſhed, the 
one, when the object is very diſtant from the lens 
Aud the other when it is at no great diſtance. 1 
5 begin with conſidering the firſt caſe, that is, when 
the object i is extremely remote from the lens. 


In fig. 9. of plate V. M N is the convex lens, and 


the ſtraight | lineOABIS its axis, paſſing perpen- | i 
: dicularly through the middle. I remark, by the 


way, that this property of the axis of every lens, that : 


of paſting perpendicularly through | it's middle, con- 
veys the juſteft idea of it that we are capable of 
forming. Let us now conceive that on this axis 
there is ſomewhere at oO an object OP, which +: 
here repreſent as a ſtraight line, whatever figure it 
may really have; and as every point of this object 


emits its rays in all directions, we confine our atten- 
tion to thoſe which fall on the lens. 


My remarks thall be at © farther limited 
88 
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to the rays iſſuing from the point O, ſituated in the 


very axis of the lens. The figure repreſents three 


of theſe rays, OA, OM and ON, the firſt of 


which, O A, paſſing through the middle of the 


lens, undergoes no change of direction, but pro- 
ceeds, after having paſſed through the lens, in the 
ſame ſtraight line BIS, that is in the axis of the 
lens; but the other two rays, OM and ON, un- 
dergo a refraction both on entering into the olaſs, 
and leaving it, by which they are turned aſide from 
their firſt direction, ſo as to meet ſomewhere at I 
with the axis, from which they will proceed in their ; 
new direction, in the ſtraight lines MIQ and NIR; 
ſo that afterwards, when they ſhall meet an eye, they 
will produce in it the ſame effect as if the point © 
exiſted at I, as they preſerve. the ſame direction. 5 
For this reaſon, the convex lens i is faid to tranſport : 
5 the object O to I; but 1 in order to diſtinguiſh this 
point I from the real point O, the e is called 
the image of the ages, which! in its turn is denomi- 


nated the object. 


-- This point Is very remarkable, and when the 
5 object O is extremely diſtant, the image of it is 
| likewiſe denominated the foc us of the lens, of which . 
I shall explain the reaſon. If the ſun be the object 
at O, the rays which fall on the lens are all collected | 


at I, and being endowed with the quality of heating, 


1 18 natural that the concourſe of ſo many rays at 
4. ſhould produce a degree of heat, capable of 


keting on fire uy combuſtible matter that may þ be 
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1 —— —— ß oo OM — — —-— U — . ß I... — ; —_— 


Placed there. Now, the place where ſo much heat 
is collected we call the focus; the reaſon of this 
denomination with reſpect to convex lenſes is evi- 
dent. Hence, too, a convex lens is denominated a 
- burning-glaſs, the effects of which you are undoubt- 
edly well acquainted with. I only remark that this 
property of collecting the rays of the ſun, in a cer- 
tain point called their focus, is common to all con- 
vex lenſes; they likewiſe collect the rays of the moon, 
of the ſtars, and of all very diſtant bodies; though 
their force is too ſmall to produce any heat, we never- 
theleſs employ the ſame term, focus; the focus ofa 
= glaſs, accordingly, i is nothing elſe but the ſpot where 
the image of very diſtant objects is repreſented: to 
which this condition muſt ſtill be added, that the 
3 | object ought to be ſituated in the very axis of the 
mw lens ; for if it be out of the axis, it's image will like- 
BY wiſe be repreſented out of the axis : I ſhall have o- 
caſion to ſpeak of this afterward, 
It may be proper, ſtill farther, to ſubjoin the fol- 
| lowing remarks reſpecting the hou: 
I. As the point O, or the object, is infinitely diſ. 
tant, the rays OM, O A, and ON, may be conſi- 
dered as parallel to each other, and, for the ſame 
reaſon, parallel to the axis of the lens. 
2. The focus I, therefore, is the point behind the 
glaſs, where the rays parallel to the axis, which fall 
on the lens, are collected by the refraction of the lens. 
3. The focus of a lens, and the ſpot where the 
image of an object, W diſtant, and fruated 3 1 
. ne 
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the axis of the lens, is repreſented, are the ſame 
thing. 


that is the length of the line BI, is called the diſ- 
tance of the focus of the lens. Some authors call 
it the focal diſtance. 


5. Every convex lens has it's particular diſtance of 


focus, one greater, another leſs, which is eaſily aſ- 
certained by expoſing the lens to the fun, and ob- 


ſerving where the rays meet. 


6. Lenſes formed by arches of ſmall circles, have 
their focuſes very near behind them; but thoſe 
whoſe ſurfaces are arches of great circles, have more 


i diſtant focuſes. 1 5 ; 


7. It is of importance to know the ſnl diſtance 
of every convex lens employed in dioptricks ; ; and 
it is ſufficient to know the focus in order to form a 
Judgment of all the effects to be expected from it, 

whether in the conſtruction of N or mi- - 


croſcopes. 


3. If we employ lenſes equally convex on both 
ſides, ſo that each ſurface ſhall correſpond | to the 
ſame circle ; then the radius of that circle gives 
nearly the focal diſtance of that lens: thus, to make 
a burning-glaſs which ſhall burn at the diſtance of a 
foot, you have only to form the two ſurfaces arches 


of a circle whoſe radius is one foot. 


N But when the lens is plano- -convex, its focal 
diſtance is nearly equal to the diameter of the circle, 


which correſponds to the convex ſurface. 


* 4 Acquaintance 


4. The Aa es of the point I behind the lens, | 
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Acquaintance with hel terms will facilitate the 


knowledge of what 1 have — to advance on this 
ſubject. 


19th Deisler 1761. 


LETTER LXXVI 
\ Diftence of the Image of Odi. 


T JAVING remarked that an object infinitely | 
diſtant, 1s repreſented by a convex lens in the 


very focus, provided ſuch object be in the axis of 
the lens, 1. proceed to nearer objects, but always 


fituated 1 in the axis of the glaſs; and 1 obſerve, firſt, 


that the nearer the object approaches to che lens, the 15 
1 farther the image retires. 


Let us accordingly ſuppoſe that F 4 plate * 


8 FA 10.) is the focus of the lens MM, fo that an ob- 
Ject infinitely diſtant before the glaſs, or at the top 
of the figure, the image ſhall be repreſented atF; 
on bringing the object nearer to the glaſs, and 
placing it ſucceſſively at P QR, the image will be 

_ repreſented at the point p qr, more diſtant from the 
lens than the focus: in other words, if AP is the 

diſtance of the object, Bp will be the diſtance of the | 

image, and if AQ is the diſtance of the object, 

B 7 will be that 8 the image, and the Kine Br 


of 


329 
of the image will correſpond to the diſtance AR 
of the object. 
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There is a rule by which it is eaſy to calculate 
the diſtance of the image behind the lens, for every 
diſtance of the object before it, but I will not tire 
you with a dry expoſition of this rule ; it will be 


ſufficient to remark, in general, that the more the 


diſtance of the object before the glaſs is diminiſhed, 
the more is the diſtance of the i image behind it in- 

. I ſhall to this ſubjoin the inſtance of a 
convex lens, whoſe focal diſtance is 6 inches, or of N 


8 creaſed. 


lens ſo formed, that if the diſtance of the object is 


- infinitely great, the diſtance of the | 1mage behind the 
lens ſhall be preciſely ſix inches; now, on bringing 
the object nearer to the lens, the image will retire, 

_ ngoonding to the gradations marked i in the following 


: able: . 


2 0 the Object. 
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Thus the object being 42 inches diſtant from the 
lens, the image will fal at the diſtance of 7 inches, 
that is one inch beyond the focus. If the object is 
at the diſtance of 24 inches, the image will be re- 
moved to the diſtance of 8 inches Nein the lens, 

that is two inches beyond the focus, and lo of the 
reſt. . 1 

| Though theſe numbers are applicable only to a 

lens, whoſe focal dittance i is 6 inches, ſome general 

| conſequences | r, however, be deduced from 

them. 

+, 1 the diſtance of the object} is infairely great, a 

the | image falls exactly 1 in the focus. 0 

2. If the diſtance of the object is double the diſ- 


5 tance of the focus, the diſtance of the image will 1 


likewiſe be double the diſtance of the focus; in 


other words, the object and the image will bs. 


© equally diſtant from the lens. In the example above 


ET exhibited, the diſtance of the object being 12 inches, = 


that of the image is likewiſe 12 inches. 
3. When the object i is brought ſo near the lens, 


that the diſtance is preciſely equal to that of the 
focus, ſay 6 inches, as in the preceding example, 


then the! image retires to an infinite diſtance behind 
| the lens. 5 5 1 
4. It is likewiſe obſervable | in general, that the EN 
A of the object and that of the image reci- 
3 procally correſpond, or, if you put the object 1 in the 
oy Por: of the 1 image, it will tall in the place of the 
= 4 * 
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5. If, therefore, the lens MM (plate V. fg. 11.) 


collects at I the rays which iſſue from the point O, 

that ſame lens will likewiſe there collect rays iſſuing 
from the point I. 

6. It is the conſequence of a great principle in | 


5 dioptricks, in virtue of which it may be main- 

tained, that whatever are the refractions which rays 
have undergone in paſſing through ſeveral refringent 
mediums, they may always return in the lame di- 


rection. 


This truth i is of euch importance in the know #2 
= ledge of lenſes : thus when I know, for example, that 
a lens has repreſented, at the diſtance of 8 inches, the 
image of an object 24 inches diſtant, I may conſi- 
dently infer, that if the object were 8 inches diſtant, c 
the ſame lens would repreſent i its image at the dif- 


| tance of 24 inches. 


It is farther eſſential to remark, that when the 
. diſtance of the object is equal to that of the focus, 
the! image will ſuddenly retire to an infinite diſtance; 

which perfectly harmonizes with the relation exiſt- 5 


- ing between the object and the image. 


| You will no doubt be curious to know in what 
5 place the image will be repreſented when che object 
oO brought ill nearer to the lens, ſo that its diſtance 
| ſhall become leſs than that of the focus. This queſ- 
tion is the more embarraſſing, that the anſwer muſt 
be, the diſtance of the 1 image will, in this caſe, be 
greater than infinity, ſince the nearer the object ap- 
Proaches the Tens, the farther does the 1 — 8 
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tire. But the image being already infinitely diſtant, 
how is it poſſible that diſtance ſhould be increaſed ? 
The queſtion might undoubtedly puzzle philoſo- 
Phers, but is of eaſy ſolution to the mathematician. 
The image will paſs from an infinite diſtance, to the 
other ſide of the lens, and conſequently will be on 
the fame fide with the object. However ſtrange f 
this anſwer may appear, it is confirmed, not only by 
reaſonipg, but by experience, ſo that it is impoſſible 
to doubt of its ſolidity ; to increaſe beyond infinity is 
the ſame thing with paſling to the other {ide : this 
5 unqueſtionably a real Paradox. „ 


22d Decenter, 1761. 


LETTER LXXVIL 
| Maguitde of Images. : 


70U can no longer doube that every convex clens 5 
5 muſt repreſent ſomewhere the image of an 
abject preſented | to it ; 4 and that, i in every caſe, the 
palace of the image varies as much, according to the 
_ diſtance of the object, as according to the focal diſ- i 
dance of the lens: but a very important article re- 


mains yet to be explained, 1 mean the magnitude 5 
ol the 1 image. 


When 
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When ſuch a lens repreſents to us the image of 


the ſun, of the moon, or of a ſtar, at the diſtance of 


a foot, you are abundantly ſenſible that theſe images 
muſt be incomparably ſmaller than the objects 
themſelves. ©" mar being much greater than the 
whole earth, how is it poſſible that an image of ſuch 
magnitude ſhould be repreſented to us at the diſ- 


dance of a foot? But the ſtar appearing to us only 


as a point, the image, repreſented by the lens, like- 
wiſe reſembles a point, and, conſequently, is infinite- 


: ly ſmaller than the object itſelf. 


There are then, in every repreſentation made by 

lenſes, two things to be conſidered; the one reſpects 

the place v where the image is repreſe nted, and the other, 
the real magnitude of thei 1mage, which may be ver 
different from that of the object. The firſt being 

i ſufficiently elucidated, I proceed to furniſh you with 
a very ſimple rule, by which you will be enabled, mn. 


every caſe, to determine what muſt be the magni- 
| rude of the image repreſented by the lens. 


Let OP (plate VI. fig. 1.) be any object what- 


ever, ſituated on the axis of the convex lens MN; 


; © muſt firſt look for the place of che! image, which _ 
sat I, ſo that the point I ſhall be the repreſentation 5 
oo of the extremity O of the object, as the rays iſſuing : 


from the point O are there collected by the 3 


tion of the lens. Let us now ſee in what place will 


be repreſented the other extremity P of the 2 object; 


for this purpoſe, let us conſider the rays PM, PA, 
P N, which, iſuing from the your P, fall on the 
Es lens ; = 
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lens; 1 obſerve that the ray P A, which paſſes 
through the middle of the lens, does not change it's 
direction, but continues it's progreſs in the firaight 
line AKS; it will be, therefore, ſomewhere in this 
line at K, that the other rays PM and PN will 
meet: in other words, the point K vill be the image 
of the other extremity P of the object, the point I 
being that of the extremity O: hence it is eaſy to 
conclude that I K will be the! image of the object 
O P, repreſented by the lens. : 
In order, then, to determine the magnitude of 
"3 this i image, having found the place I, you have only 
to draw from the extremity P of the object, through 
A, the middle of the lens, the ſtraight line PA K 8, 
and to raiſe from I the line I K perpendicular to the 
axis, and this line I K will be the 1 1mage in queſtion 3 
it is evident from this that the i image is reverſed, ſo 
that if the line O R were horizontal, and the object 5 
OP a man, the 1 image would have the head K un- 
| dermoſt, and the feet I upward. 5 
On this I ſubjoin the following remarks: 5 
I. The nearer the 1 image ( plate VI. fig. 2. ) i is to 
_ the lens, the ſmaller it is; and, the more remote it 
1s, the greater it's magnitude. Thus OP being the 
object placed on the axis before the lens M N, if . 
image fell at Q it would be ſmaller than if it fell at 
R, 8, or T. For, as the ſtraight line P A z, drawn 
from the ſummit of the object P, through the mid- 
dle of the lens, always terminates the! image at what- _ 


ever diſtance it may r it is evident, that among 
the 
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Fea lines Q 9, RA S+4-H the firſt 22 is the 
ſmalleſt, and that the others increaſe in ts ao 
as they remove from the lens, 

2. There is one caſe 1 in which the 1 image is pre- 
ciſely equal to the object: it is when the dittaner of 
the image is equal to that of the object; and this 


takes place, as I have already remarked, when the 


_ diſtance of the object AO is double that of the fo- 


cus of the lens; the image will then be Tf, fo that 


the diſtance Be is equal to A G. Fan have only 


then to conſider the two triangles O A P and TA t, 
which having the oppoſite b at the point A, as 


well as the fides AOand A T equal each to each, 


as likewiſe the angles at O and T, which are both 
right angles: bels two triangles will be every way 
: equal, and conſequently the de Tz, which is the 
Image, will be equal. to the fide OP, which is the . 
. obj. - 
” 3. If the i image were twice farther 188 1 the ens 
* the object, it would be double the object; and, 
in general, as many times as the image is farther 
from the lens than the object, ſo many times will it 
be greater than the object. For the nearer you , 
bring the object to the glaſs, the farther the image 


retires, and conſequently the greater it becomes. 


4. The contrary takes place when the i image is 

nearer the lens than the object; it is then as many 
times ſmaller than the object, as it is nearer the lens 
than the object is. If then the diſtance of the image 


were one thouſand times leſs than that of the 
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object, it would likewiſe be one thouſand times 
ſmaller. | 

$5. Let us apply this to burning-glaſſes, which, 
being expoſed to the ſun, repreſent it's image in the 
focus, or rather repreſent the focus, that is, the lu- 
minous and brilliant circle which burns, and which 
is nothing elſe but the image of the ſun repreſented 
by the lens. You will no longer be ſurprized, then, 
at the ſmallneſs of the image, notwithſtanding the 
prodigious magnitude of the ſun, it being as many 


times ſmaller in the focus than the real ſun, as the 


diſtance of the ſun from the lens 1s greater than that 

of the image. i 
6. Hence likewiſe ; it is evident; that the greater 
is the diſtance of the focus of a burning-glaſs, the 
more brilliant alſo | Is the circle f in the focus, that * 
the greater will be the image of the ſun: and the 
diameter of the focus 1 18 always about one hundred 


8 times ſmaller chan the diſtance of che focus from the 3 


5 lens. 85 

LA ſhall afterwards plain 0 different uſes which 

may be made of convex lenſes ; they are all ſuffi 
ciently « curious to merit attention. 


1 2610 December n. 
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LETTER LXXVII. 


| Burning Gleſſes. 


tion to the following reflections. 


1. Let MN, ( Plate VI. fig. 3.) be a Ne 
8 which receives on its ſurface the rays of the ſun 
R, R, R, refracted in ſuch a manner as to preſent : at 
"Fa ſmall luminous circle, which is the! image of the 


fun, and ſo much ſmaller as it is nearer to the glaſs. 


2. All the rays of the ſun, which fall on the ſur- 


ſee of the glaſs, are collected in the ſmall ſpace of 


the focus F; their effect, accordingly, muſt, in that 

| ſpace, be as many times greater as the ſurface of the 

| Blaſs exceeds the magnitude of the focus, or of the 

ſun's image, We fay that the rays, which were 
diſperſed over the whole ſurface of the glaſs, are 


concentrated in the ſmall ſpace F. 


3. The rays of the ſun having a certain degree of = 


85 — they exert their Power, in a very ſenſible man- 
Vor. II. N 1 5 ner, 
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HE firſt aſs of convex lenſes, i is their employ- 
ment as burning-glafſes, the effect of which 
1 appear altogether aſtoniſhing, even to thoſe 
who already have ſome acquaintance with natural 

philoſophy. | In fact, who could believe, that the 
image of the ſun, ſimply, ſhould be capable of « ex- 
citing ſuch a prodigious degree of heat? But your 
ſurprize will ceaſe, if you pleaſe to pay ſome atten · 
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ner, at the focus; it is poſſible even to calculate 
how many times the heat at the focus muſt exceed 
the natural heat of the ſun's rays: we have only to 
obſerve how many times the furface of the glaſs is 
greater than the focus. 
4. If the glaſs were not oreater than the focus, the 
hw would not be ſtronger at the focus than any 
where elſe; hence we mail conclude, that i in order 
to the production of a ſtrong heat by a burning- 
glaſs, 1 it is not ſufficient that it ſhould be convex, 9 
that it ſhould repreſent the image of the ſun, it 
muſt, beſides, have a ſurface TY ſeveral times 
exceeds the magnitude of the focus, which is ſmaller 
in n proportion as it is nearer to the glaſs. 2 
F. France is in poſſeſſion of the moſt excellent 5 
1 glaſs; it is three feet in diameter, and it's | 
ſurface i is Calculated to be nearly two thouſand times 
oreater than the focus, or the image of the ſun 5 
which it repreſents. It muſt produce, therefore, 1 in 
the focus, a heat two thouſand times greater than 
that which we feel from the ſun. It's effects we; - 
: accordingly, prodigious: wood of every kind is, in 
a moment, ſet on fire; metals are melted in. a few 
minutes; and, in general, the moſt ardent. fire 
which we are capable of producing, i is not once to 
be compared with the vehement heat of this focus. 
6. The heat of boiling water is calculated to be 
about thrice greater than what we feel from the rays 
of the ſun in ſummer, or, which amounts to the 
= ſame thing, che heat of boiling water is thrice 
1 5 greater _— 
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greater than the natural heat of the blood in the 
human body. But in order to melt lead, we muſt 
have a heat thrice greater than is requiſite to make 
water boil; and to melt copper a heat ſtill thrice 
greater is neceſſary. To melt gold requires a much 
bigher degree of heat. Heat, then, one hundred 
times greater than that of our blood is capable of 
melting gold; how far then muſt a heat two thou- 
ſand times greater exceed the force of our 88 
fires? | 7 5 
3, But how are theſe Ps effects pro- 
duced by the rays of the ſun collected in the focus 
of a burning-glaſs ? This is a very difficult queſtion, 
with reſpect to which Philoſophers are very much 
divided. Thoſe who maintain that the rays are an 
emanation from the ſun, darted with the amazing 
velocity which 1 formerly deſcribed, are not greatly 
1 embarraſſed for a ſolution; they have only to ſay 
that the matter of the rays, ſtriking bodies with 
6 violence, muſt totally break and deſtroy their mi- 
nute particles. But this opinion 18 no . ad- 
mitted i in ſound philoſophy. Ts 
8. The other ſyſtem, which makes the nature of ; 
lght to conſiſt in the agitation of the ether, appears 
” litle adapted to explain theſe ſurprizing effects of 
burning - glaſſes. On carefully examining, however, 
all the circumſtances, we ſhall ſoon be convinced of 
the poſſibility of this. The natural rays of the ſun, 
as they fall on bodies, excite the minute particles of 


the ſurface to a a concuſſion, or motion of vibration, 
2 2 N Which, 
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which, in it's turn, is capable of exciting new rays, 
and by theſe the body in queſtion 1s rendered viſible. 
And a body is illuminated only ſo far as theſe pro- 
per particles are put into a motion of vibration ſo 


rapid as to be capable of producing new wy in the | 
ether. 


9. It is clear, then, that if the natural rays of the ſun 
have ſufficient force to agitate the minute particles 
of bodies, thoſe which are collected in the focus 
muſt put the particles which they meet there into 

5 agitation ſo violent, that their mutual adheſion is 
entirely diſſolved, and the body ſelf completely de- 
85 ſtroyed, which is the effect of fire. For if the body | 


1 combuſtible, as wood, the diſſolution of theſe mi- 


nute particles, joined to the moſt rapid agitation, 
makes a conſiderable part of it to fly off i into air, in 
= the form of ſmoke, and the groſſer particles remain 
in form of aſhes. Fuſible bodies, as metals, be- 


come liquid by the diſſolution of their particles, : 
| whence we may comprehend how fire acts on 
+ bodies; it is only the adheſion of their minuteſt 
particles which is attacked, and the particles them- _ 
hes at thereby afterwards put into the moſt vio- 
ent agitation. Here, then, is a very ftriking effect 
of burning-glaſſes, which derives its origin from the 


nature of convex lenſes. There are beſides many : 
: other wonderful effects to be deſcribed. 5 | 


2805 December 761. 


LETTER 


— —dU 


— — 
-— S 
3 
I 


l , — ) " 1 . y ad " = 
— : — —— — 7 ** is 
— — - . >» _— - nd 
P agar wr 7. <3 —— —_—. TM 
* * * v . *. 
— — — 21 = 1 p : 


a GERMAN PRINCESS, 341 


LETTER LXXIX. 
The Camera Otfeura. : 


* Dn — 
— 3 
— 


E likewik employ convex lenſes i in the c ca- 
mera-obſcura, and by means of them, all 
external objects are preſented 1 in the darkened room 
on a white ſurface, in their natural colours, in ſuch 
a manner that landſcapes and public buildings, M 
| objects i in general, are repreſented i in much greater 
perfection than the power of the pencil is capable of 
producing. Painters accordingly avail themſelves 
of this method, in order to draw, with exactneſs, 5 
- landſcapes and other objects which are viewed at a 
diſtance. | The camera-obſcura, then, f is to be che 5 
. ſubieck of this letter. 5 
EFG, (plate VI. fg. 4. ) 3 the form 
of a camera-obſcura, cloſely ſhut up on all ſides, „ 
7 cept one little round aperture made 1 in one of the 
window ſhutters, i in which is fixed a convex lens, of _ 
1 ſuch 1 focus as to throw the image of external ob- 
jects, ſay the tree O P, exactly on the oppolite wall 
P G, at o 5. A white and moveable table is like- 
wiſe employed, which 1s put in the place of the 
images repreſented. 8 5 
The rays of light, 1 can be mined into 
8 chamber only through the aperture MN, in 
which the lens! is fixed, without Which total darkneſs 
would Prevail, 
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Let us now conſider the point P of any object, 


by the ſtem of our tree OP. It's rays PM, PA, 
PN will fall, then, on the lens MN, and be re- 


fracted by it, ſo as to meet again at the point p on 


the wall, or on a white table placed there for the 
purpoſe. This point p will conſequently receive 
no other rays but ſuch as proceed from the point P; 
and in like manner every other point of the table 
will receive only the rays which proceed from the 
_ correſponding point of the object; and reciprocally, 
to every point of the external object will correſpond 
a point on the table, which receives thoſe rays and 
no other. If the lens were to be removed from the 
aperture MN, the table would be illuminated 
| quitea different manner, for i in that caſe every point 
of the object would diffuſe it's rays over the whole 
table, ſo that every point of the table would be illu- 
minated at once by all the external objects, whereas 
e preſent i it is ſo by one only, that whoſe rays it re- 
cecives; from this you will eaſily comprehend that 
the effect muſt be quite different from what it Would 
be if the rays entered ſimply by. the e N N 
into the chamber. : 
Leet us now examine, F more cloſely, 1 
wherein this difference conſiſts; and let us firſt ſfup- _ 
poſe that the point P of the object i is green, t the point 
of the table p will, therefore, receive only thoſe 
green rays of the object P, and theſe, re- uniting on 
_ the wall or table, will make a certain impreſſion, 
which here merits conſideration. | For this purpole 


yu 
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you will pleaſe to recollect the following propoſi- 


tions which I had formerly the honour of explaining 


to you. 
1. Colours differ from each other in the tune 


manner as muſical ſounds: each colour is produced 


by a determinate number of vibrations, which, in a 


given time, are excited 1 in the ether. The green 


colour of our point P is accordingly appropriated 
to a certain number of vibrations, and would no 
5 longer be green were theſe vibrations more or leſs 
rapid. Though we do not know the number of 


vibrations which produce ſuch or ſuch a colour, we 


may, however, be permitted to ſuppoſe here that 


green requires twelve thouſand vibrations in a ſe- 
cond, and what we affirm of this number, twelve . 
thouſand, may likewiſe be cafily underſtood of the 


real number, whatever! it be. 


2. This being laid down, the point pon the whit 


tube will be ſtruck by a motion of vibration, of 


which twelve thouſand will be completed in a ſe- 
cond. Now, I have remarked that the particles of 
a white ſurface are all of ſuch a nature as to receive 
every ſort of agitation, more or leſs rapid, whereas 
thoſe of a coloured ſurface are adapted to receive 
only that degree of rapidity which correſponds to 
their colour. And as our table is White, the point 


p in it will be excited to a motion of vibration cor- 


reſponding to the colour of green; in other words 
it will be agitated twelve bound times in a fe- 


cond, 
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3. As long as the point p, or the particle of the 
white ſurface which exiſts there, is agitated with a 
| ſimilar motion, this will be communicated to the 
Particles of the ether which ſurround it; and this 
motion diffuſing itſelf in all directions, will generate 
rays of the ſame nature, that is to ſay, green; juſt as 
in muſic, the ſound of a certain note, ſay C, agitates 
a ſtring wound up to the ſame tone, and makes R 
emit a ſound without being touched. 
4. The point p of the white table will according- 
Jy produce green rays, as if it were died or painted 
dtumhat colour: and what I affirm of the point Ps will 
: equally take place with reſpect to all the points of 
tte illuminated table, which will produce all the rays, - 
. each of the ſame colour with that of the object whoſe 
image it repreſents. Every point of the table will, 
therefore, become viſible, under a certain colour, as 
il it were actually painted that colour, 5 
TT You will perceive, then, on the table, all the 
colours of the external objects, the rays of which 
will be admitted into the chamber through the lens: 
cach point in particular will appear of the colour of 
that point of the object which correſponds to it, and 
you will ſee on the table a combination of various 
colours, diſpoſed in the ſame order as you ſee them 
In the objects themſelves, that is to ſay, a repreſenta- 
tion, or rather the perfect picture of all the objects 
on the outſide of the dark chamber which are before 


che lens N N. 


6. All 
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6. All theſe 89800 will, however, appear re- 


verſed on the table, as you will conclude from what 


I have faid in my ſoregoing letters. The under 


: part of the tree O will be repreſented at o, and the 


ſummit P at p: for, in general, each object muſt 


3 repreſented on the white table, in the place 
which is the termination of the ſtraight line drawn 
from the object P through the middle of the lens 
A: that which is upward will, conſequently, be re- 
preſented downward, and that which is to the left 
will be to the right; in a word, every thing will 
be reverſed in the picture; the repreſentation will, 
nevertheleſs, be more exact and more perfect than 
the moſt accurate painter is capable of producing. 
J. You will further remark, that this picture will 
be ſo much ſmaller than the objects themſelves, i in 
proportion as the focus of the lens is ſhorter. : 
Leeͤnſes of a ſhort focus will accordingly give the 
© objects in miniature; and if you would wiſh to 


have them magnified, you muſt employ lenſes of a 
longer focus, or which repreſent. the images at a 


5 Sender diſtance. 


8. In order to contemplate theſe 3 


more at eaſe, the rays may be intercepted by a 


mirror, from which they are refracted, ſo as to re- 
preſent the whole picture on a horizontal table; 
and this is of peculiar advantage when we wiſh to 


"Py the images. 


* Jamay, 1 1762. . 
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r 


Kefections on the Reprojetation. in the Camera 
Ooeſcura. 


| HOU GH you can no longer entertain any 
doubt reſpecting the repreſentations made in 


. 2 dark chamber, by means of a convex lens, I hope 
the following reflections will not appear ſuperflu- 


ous, as they ſerve. to place this Te? in a clearer 
light. 


9 ＋ he uber muſt. be completely darkened, 


for, were the light admitted, the white table would 

be viſible, and the particles of it's ſurface, already ” 
| agitated, would be incapable of receiving the im- 
preſſion of the rays which unite to form the i images 
of external objects. Though, however, the cham 
ber were a little illuminated, ſtill ſomething of the 

repreſentation would appear on the table, but by no 

means ſo vivid as if the chamber were entirely 


8 _ 


We muſt te; diſtinguiſh the picture re- 


3 on the white table, 8 the image which 
the lens, in virtue of its own nature, repreſents, as I 
have formerly explained. It is very true, that 
placing the table in the very place where the image 
ol the objects is formed by the lens, this image will 
be confounded with the picture we perceive on the 


table ; 
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table; theſe two things are, nevertheleſs, of a nature 
entirely different: the image is only a ſpectre or 
ſhade floating in the air, which is viſible but in cer- 
tain places, eren the repreſentation is a real 
picture, which every one in the chamber may ſee, 
and to which duration alone i is wanting. 

3. In order the more clearly to elucidate this 


difference, you have only to conſider carefully. the 
nature of the image o, ( plate VII. Kg. 5.0 repre- 
3 ſented by the convex lens M N, the object being at 
O. This image is nothing elſe but the place in 
. which the rays 0 M, O C, 0 N of the object, after 
. having paſſed through the lens, meet by refraction, 
8 and thence continue their direction as if they pro- . 
; ceeded from the point 0, though they really origh- 8 


: nated from O, and by no means from o. 


. Hence the i image is viſible only to eyes ditu- | 
ated ſomewhere within the angle Ro Q, as at S, 
: where an eye will actually receive the rays which 

come t0 it from the point . But an eye ſituated 
out of this angle, as at F or V, will ſee nothing at 
all of! i, becauſe no one of the rays collected at 0 is 
directed toward it: the image at o, therefore, dif- 
fers very eſſentially from a real object, andi 18 viſible 


only in certain places. 


5. But if a white table is placed at 0, and it ns 

. furface at this point o is really excited to an agita- 
tion ſimilar to that which takes place in the object 

O, this ſpot o of the ſurface itſelf generates rays 


which render it viſible every where. Here, then, 
is 
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is the Aten between the image of an object, 
ROE it's repreſentation made in a camera-obſcura: 
the image is viſible only in certain places, namely, 
thoſe through which are tranſmitted the rays that 
originally proceed from the object; whereas the 
Picture, or repreſentation formed on the white ta- 
ble, is ſeen by its own rays, excited by the agitation 


of the particles of it's ſurface, and conſequently 5 


viſible in every place of the camera- obſcura. 

6. It is likewiſe evident, that the white table 
5 muſt abſolutely be placed exactly in the place of 
the image formed by the lens, in order that every 
point of the table may receive no other rays except 

ſuch as proceed f from a ſingle point of the object: 

bor if other rays were likewiſe to fall upon it, they 
would diſturb the effect of the former, or render the 

5 repreſentation confuſed, _ 


7. Were the lens to be entirely 3 © 


free admiſſion given to the rays into the dark 
chamber, the white table would be illuminated by 
EE - but no picture would be viſible. The rays * 


the different objects would fall on every point of 
the table, without expreſſing any one determinate 


image. The picture, accordingly, which we lee 
in 2 camera- obſcura, on a white ſurface, i i8 the effect 
of the convex lens fixed in the ſhutter : this it is 
which collects anew, in a ſingle point, all the rays 
that procced from one point = the object. 

8. A very lingular phenomenon i is here, 3 


cbſervable, when the pe made 1 in the window- = 


ſhutter 
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| ſhutter of the dark chamber, is very ſmall: for 
chough no lens be applied, you may, nevertheleſs, 


lours: but the repreſentation i is very faint and con- 


fluſed, and if the aperture is enlarged this repreſen- 
tation entirely diſappears. I ſhall W this Phe · 


5 nomenon. 


In fg. 6. plate 2 MN is the ſmall aperture 


| through which the rays of external objects are ad- 


mitted into the dark chamber E F G H. The 
wal FG oppoſite to the aperture 15 white, the 
better to receive the e of . of all 
. 
Let the point 0 . an object, of l the rays 1 

: 0 M, (ol N alone, with thoſe which fall between 5 
them, can enter into the chamber. Theſe 1 rays will 
be confined to the ſmall ſpace 90 of the wall, and 


- 


will illuminate 1 it. This ſpace 00 will be fo much 


- ſmaller, or approach the nearer to a point, in pro- 
portion as the aperture MN is ſmall: : if then this 
aperture were very ſmall, we ſhould have the effect 

already deſcribed, according to which every point 

ol the white table receives only the rays proceeding 

| from a ſingle point of the object: there would be 
produced, of conſequence, a repreſentation ſimilar 
to that which is produced by the application of a 
convex lens to an aperture in the window-ſhutter. 
But in the preſent caſe, the aperture being of a 
Certain extent, every 2 O of the — wil il- 

luminate 


perceive on the oppoſite partition the images of 
external objects, and even with their 8 co- 
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luminate a certain ſmall ſpace o on the wall, and 
agitate it by it's rays. The ſame thing then, near- 
ly, would take place, as if a painter, inſtead of 
making points with a fine pencil, ſhould with a 
coarſe one make ſpots of a certain magnitude, at- 
tending, however, to deſign and colouring , the re- 
preſentation made on the wall will have a reſem- 
blance to this ſort of daubing ; but it will be clearer 


in proportion to the ſmallneſs of the aperture by 
which the rays are admitted. 


5th January, 1762. 


| LETTER LXXXI. 


of the Magis Lantern, ond Solar Miergape. 


, \HE camera-obſcura has properly no ce - 
except on very diſtant objects, but you will 
Rl comprehend, that its application may be 
equally extended to nearer objects; for this pur- 
poſe the white table muſt be removed further from 


the lens, conformably to this general rule, that the f 


nearer the object i is brought to the convex lens, the 

farther does the image, where the white table ought 
do be placed, retire from it; and if the chamber is 
not of ſufficient depth, a different lens, of a ſhorter 
focus, muſt be . N 
1 — — n 
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You may place then, out of the chamber, before 
the aperture to which the convex lens is fitted, any 
object or picture whatever, and you will ſee a copy 
of it on the white table within the dark chamber, 
greater or ſmaller than the original, according as 
the diſtance of the image is greater or ſmaller ; but 
it would be more commodious, undoubtedly, if the 
object could be expoſed within- ſide the dark cham- 
ber, in order to its being moved and changed at 
pleaſure. But here a great difficulty occurs; the 


object itſelf would, in this caſe, be darkened, and 
conſequently rendered 1 of producing the 


: effect we with. 
be thing wanted, then,! is, to illuminate the ob- 


ject as much as poſlible, within-ſide the dark cham- 


ber, and at the ſame time to cxclude the light. 


1 have found out the means of doing this. 35 


will recollect that . conſtructed a machine to the 


effect I am mentioning, which 1 had the honour 
of preſenting to you ſix years ago; and now you 
will eaſily comprehend the ſtructure, and the prin- 


ciples on which it is founded. 


This machine conſiſts of a box very cloſe « on all 
ſides, nearly of a figure ſimilar to fg. 7 Plate VII. 

i The farther ſide of which EG has an opening IK, 

in which are to be fitted the objects, portraits or 

: other pictures OP which you mean to repreſent ; 
on the other ſide, directly oppoſite, is a tube MN 
R, containing a convex lens MN ; this tube * 

| moveable, for the purpoſe of bringing the lens 

nearer —— 
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nearer to the object, or of removing it at pleaſute. 

Then, provided the object OP be well illuminated, 

the lens will throw ſomewhere the image of it op, 

and if you there place a white tablet, you will ſee 
upon it a perfect copy of the object, ſo much the 
clearer as the object itſelf is more illuminated. 

For this purpoſe I have contrived in this box 
two ſide wings for the reception of lamps with large 
wicks, and in each wing is placed a mirror to re- 
flect the light of the lamps on the objects OP; 
above, at E F, is a chimney by which the ſmoke * 
the lamps paſſes off. Such is the conſtruction of 

this machine, within which the object OP may be 
very ſtrongly illuminated, while the darkneſs of the 
chamber ſuffers no diminution. In order to the 
proper uſe of this machine, attention muſt be paid 


10 the following remarks. : 


1. On fliding inward the tube MNQR, te is 
. bringing the lens MN nearer to the object OP, the 
image op will retire; the white tablet muſt there- 
Fig be removed backward, to receive the image 
at the juſt diſtance ; the i image will thereby be like 
wiſe magnified, and you may go on to enlarge it at 
pleaſure by preſſing the lens MN nearer and nearer. 


. object OP. 


II. On removing che lens from the chhed, the ; 
diſtance of the image will be diminiſhed: the 
2 white tablet muſt 1 in this caſe be moved nearer to 
the lens, in order to have a clear and diſtin& repre- 
: ſentation, but the 1 image wil be reduced, 
V III. It 
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III; It is obvious that the image will be always 
reverſed; but this inconveniency is eaſily remedied; 
you have only to reverſe the object OP itſelf, turn- 


ing it upſide down, and the image will be repre- 
ſented upright on the white tablet. 


IV. It is a farther general remark, that the more 
the image 1s magnified on the white tablet, the leſs | 
luminous and diſtinct it will be; but on reducing 
the image, it is rendered more diſtinct and bril- 
liant. The reaſon is plain, the light proceeds wholly 

ftom the illumination of the object; the greater that 
dhe ſpace is, over which it is diffuſed, the more it 
muſt be weakened, and the more contracted It is, the 


more brilliant. 


Th Accordingly, the more you with to 8 5 
the repreſentation, the more you 1 mult ſtrengthen the 

illumination of the object, by increaſing the light of 

the lamps in the wings of the machine: but for 
ſmall repreſentations Aa moderate illumination is 


| ſufficient. 


The machine which I have been deſcribing i 1s 
5 called the magic-lantern, to diſtinguiſh it from the 
common camera- obſcura, employed for repreſent- 
ing diſtant objects: : its figure, undoubtedly, has 
procured. it the name of lantern, eſpecially as it is 
deſigned to contain light; but the epithet magic 
muſt have been an invention of its firſt proprie- 
tors, who wiſhed to impreſs the vulgar with the 
idea of magic or witchcraft. | The ordinary magic- 


lanterns, however, are not conſtructed i in this man- 
Vor. II. Don | = a _ 25 "NEL, 
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ner, and ſerve to repreſent no other objects but fi- 
gures painted on glaſs, whereas this machine may be 
applied to objects of all ſorts. 
It may even be employed for repreſenting the 
| ſmalleſt objects, and for magnifying the repreſenta- 
tion to a prodigious ſize, fo as that the ſmalleſt fly 
ſhall appear as large as an elephant: but, for this 
purpoſe, the ſtrongeſt light that lamps can give is 
far from being tufficient ; the machine muſt be dif. 
poſed in ſuch a manner that the objects may be illu- 
minated by the rays of the ſun, ſtrengthened by a 
7 burning-glaſs: the machine, in this Pp changes 
it's name, and 1 is called the olar-microſeope : : I ſhall 
= have occaſion to ſ ſpeak. of f it more at large in the 
8th Jamar, 1762. 


'L E T T E R LXXXI. 
te and E fer UG a F; mp Convex Lins. - 


J E leni employ « convex lenſes for imme- 
diately looking through: but in order to 
38 their different uſes, we muſt g go into a cloſer LE 
inveſtigation of their nature. 2 
Having obſerved the focal diſtance of ſuch a glass, 
1 have already remarked, that when the object is 


very remote, it's image is repreſented i in the focus 
titſelf, 
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itſelf, but on bringing the object nearer to the lens, 
the image retires'farther and farther from it; ſo that 
if the diſtance of the object be equal to that of the 
focus of the lens, the image is removed to an infinite 

diſtance, and, conſequently, becomes infinitely 
- great. 

The reaſon is, that the rays 0 M. 0 M, ( plate VI. 
ts. 7.) which come from the point O are refracted by 
the lens, ſo as to become parallel to each other, as 
NF, N F, and as parallel lines are ſuppoſed to pro- 
ceed forward to infinity, and as the image is always 

in the place where the rays, iſſuing from one point 
of the object, are collected again after the refraction; 1 
in the caſe when the object O A is equal to that of 
the focus of the lens, the place of the image removes 
to an infinite diſtance; and as it is indifferent whe- = 
ther we conceive the parallel lines NF and NF to 
_ meet at an infinite diſtance to the left or to the right, 5 
it may be ſaid indifferently, that the image is to the 
right or to the left, infinitely 5 the cet being 0 
always the ſame. 3 
Having made this 8 vou will 47 wy = 
what muſt be the place of the image, when the ob- 0 
f Jef 1 1s brought ſtill nearer to the lens. ” 
Let OP, plate VI. fg. 8.) be the object, 1 
nas its diſtance O A from the convex lens is leſs than 
-- the diſtance of the focus, the rays OM, OM, _ 
which fall upon it from the point O, are too diver- 
gent to admit of the poſſibility of their being ren- 
dered parallel to each other by the reffactive power 
. 
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of the lens; they will, therefore, be ſtill divergent | 
after the refraction, as marked by the lines N F, 
N F, though much leſs ſo than before, therefore if 
theſe lines are produced backward, they will meet 
ſomewhere at o, as you may ſee in the dotted lines 
No, No. The rays N F, N F, will, of conſequence, 
after having paſked through the lens, preſerve the 
fame direction as if they had proceeded from the 
Point o, though they have not actually paſſed through 
that point, as it is only in the lens that they have 
taken this new direction. An eye which receives 
theſe refracted rays N F, N F, will be, therefore, 
affected as if they really came from the point o, and 
will imagine that the object of it's viſion exiſts at vo. 
There will however, be no image at that point, 6 
in the preceding caſe: to no purpofe would you put 
a white tablet at o, it would preſent no Picture 5 
8 there, for want of rays; for this reaſon we ſay 
that there is an imaginary image at o, and not a 
real one: the term imaginary being op to 
that of real. EOS . 
Nevertheleſs, an eye Ad at E receives the 
Guns impreſſion as if the object O P, from which 
the rays originally proceed, exiſted at o. It is of 
great importance, then, to know, as in the pre- 
ceding caſes, the place and the magnitude of this 
| imaginary image, op. As to the place, it is ſuf- 
ficient to remark, that if the diſtance of the object 
AO be equal to the diſtance of the focus of the lens, 


8 the 1 image will be at an infinite diſtance from it, and 
_ this 
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this is what the preſent cafe has in common with 


the preceding; but the nearer the object is brought 


to the lens, or the leſs that the diſtance AO be- 


comes than that of the focus of the lens, the nearer 


does the imaginary image approach to the lens . 


though, at the ſame time, it remains always at a 


greater diſtance from the lens than the object wm _ 
I0o elucidate this by an example, let us ſuppoſe 5 
that the focal diſtance of the lens is 6 inches, and 
for the different diſtances of the object, the an- 
nexed table indicates the diſtance of the imaginary 


: image 0 P. 


5 Diſtance of frhe e Objea A 0. Diſtance of the imaginary | 
I _ Image Ao Fe 


T2 . ; . * 2 a * 


: | Infiniy 1 1 eo 
30 

12 

„%% TD 
| 1andafith _ 


The rule for 0 the magnitude of this 7 
4 imaginary image op is ealy and general, you have 
only to draw through the middle of the lens, 
marked C, and throuph the extremity of the object 5 


P , the ſtraight line C Pp; ; and where it meets with 
the line 9 p drawn from o at right angles with the 
axis of the lens, you will have fan the magnitude 

of the imaginary image op; from which it is evi- 
dent, that this image is always greater than the ob- 
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ject O P itſelf, as many times as it is farther from 


the lens than the object O P. It is likewiſe evi- 


dent, that this image is not reverſed, as in the 
preceding caſe, but upright as the object. 


You will eaſily comprehend, from what I have 


ſaid, the benefit that may be derived from lenſes of 
this ſort, by perſons whoſe ſight is not adapted to 

the view of near objects, but who can ſee them to 

more advantage at a conſiderable diſtance. They 
have only to look at objects through a convex lens, 

in order to ſee them as if they were very diſtant. 

85 The defect of ſight with reſpect to near objects oc- 

cCurs uſually i in aged people, who conſequently make 


uſe of ſpectacles with convex glaſſes, which, expoſed | 


to the ſun, produce the effect of a burning-glaſs, and 
this aſcertains the focal diſtance of every glaſs. Some 
| perſons have occaſion for ſpectacles of a very near 
focus, others of one more diſtant, according to the 
Rare of their ſight; but it is ſufficient, for my pre- 
ſent purpoſe, to have given a general idea of the uſe 


of, ſuch ſpectacles. 


12th June 1762 


IET TER 
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LETTER LXXXIII. 
8 and Effet? of a Concave Lens. 


0 U have ſeen how convex glaſſes aſſiſt the 
ſight of old people, by repreſenting to them 


5 ed as at a greater diſtance than they really are: 
there are eyes, on the contrary, which, in order to 


diſtinct viſion, require the objects to be repreſented 


as nearer; and concave glaſſes procure them this 
advantage: which leads me to the explanation of 


the effect of concave lenſes, which 18 N the 
contrary of that of the convex. . 


When the object OP, (plate VI. fe. 9. Ji is very 
diſtant, and its rays O M, OM, fall almoſt parallel 
on the concave lens T V, in this caſe, inſtead of 
becoming convergent by the refraction of the lens, 
85 they, on the contrary, become more divergent, pur- 
ſuing the direction NF, N F, which, produced On 
backward, meet at the point o ; fo that an eye 
placed, for example, at E, receives theſe refracted 
rays in the ſame manner as if they proceeded from 
the point o, though they really proceed from the 
point O; for this reaſon I have, in the figure, 


dotted the ſtraight lines N „ N 0. 


As the object | 15 ſuppoſed to be infinitely Ant 25 
were the lens convex the point o would be what 
we call the focus; but as, in the preſent caſe, there 


is no real concurrence of rays, we call this point, the 


"Aa 4 imaginary 
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imaginary focus of the concave lens; ſome authors 


likewiſe denominate it he point of diſperſion, becauſe 
the rays, refracted by the glaſs, OE to be diſ- 


perſed from this point. 
_ Concave lenſes, then, have no real focus, like the 


: convex, but only an imaginary focus, the diſtance 
of which from the lens Ao is, however, denomi- 
nated the focal diſtance of this lens, and ſerves, by 
means of a rule ſimilar to that which is laid down 
for convex lenſes, to determine the place of the 
image, when the object is not infinitely diſtant. Now 
this image is always imaginary, whereas in the caſe 
of convex lenſes, it becomes ſo only when the ob- 
Jett 1 is nearer than the diſtance of the focus. With- 
out entering into the explication of this rule, which | 
e reſpects calculation e it is ſufficient to re- 
mark: 5 7 | 


* 


. When the object C 0 b. is | Infinieely Iſtant, the = 


imaginary image op is repreſented at the focal diſ- 
| tance of the concave lens, and this too on the fame | 
fide with the object. Nevertheleſs, though this 
image be imaginary, the eye placed at E is quite as 
winch affected by it as if it were real, conformably | 
to the explanation given on the ſubject of convex 
5 lenſes, when the object is nearer. the lens than its : 
focal diſtance. 5 oe 


II. On bringing the 8 OP nearer to the lens, 


it's image op will likewiſe approach nearer, but in 
ſuch a manner, that the image will always be nearer 
50 the lens Tan the object 1 is; whereas, in the caſe 
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of convex lenſes, the image is more diftant from the 
lens than the object. In order to elucidate this 
more clearly, let us ſuppoſe the focal diſtance of the 
concave lens to be 6 inches. 


If the Diſtance of the | The Diſtance of the 


_ Object © Ais 2 — will te 1 5 
i he Infinite * 5 
306 

1214 
613 
411 and a ball 


III. By the fins make you may always determine 
the magnitude of the imaginary image op. You 
draw from the middle of the lens a ſtraight line, to 
the extremity of the object P, which will paſs through 
the extremity p of the image. For, ſince the line 


FA repreſents | a ray coming from the extremity of 


- the object, this ſame ray b after the refraction, = 


paſs through the extremity of the 1 image; but, as 
this ray P A paſſes through the middle of the 1 


itt undergoes no refraction; therefore f it muſt itſelf 
1 paſs through the extremity « of the 1 MORE: at the 


point P- 


IV. This i image is ; not t reverſed, bur i in the ſame 
TE poſition with the object; and it may be laid down - 
a general rule, that whenever the 1 image falls on the 


lame fide of the lens that the object i is, it is always 
repreſented 
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Ape e upright, whether the lens be convex or 
concave ; but when repreſented on the other fide of 
the lens, it is always reverſed; and this can n take place 
only in convex lenſes. 
V. It is evident, therefore, that the. images re- 

5 preſented by concave lenſes are always ſmaller than - 
the objects; the reaſon is obvious, the image is al- 
ways nearer than the object; you have only to look 
at the figure to be fatisfied of this truth. "Theſe 
are the principal properties to be remarked reſpect- 
ing the nature of concave lenſes, and the manner in 
which objects are repreſented by them. 
It is now eaſy to comprehend how concave glaſſes : 
805 may be rendered eſſentially ſerviceable to perſons 
whoſe ſight is ſhort, Vou are acquainted with ſome 
who can neither read nor write without bringing the 
paper almoſt cloſe to their noſe. In order, there- 
fore, to their ſeeing diſtinctly, the object muſt be 
brought very near to the organ of viſion; I think I 
have formerly remarked that ſuch perſons are deno- 


mainated Miopes. Concave lenſes, then, may be made 


of great uſe to them, for they repreſent the moſt dif- 

>=" 46 objects as very near: the image not being far- 
| ther from ſuch glaſſes than their focal diſtance, 4 
” which, for the moſt part, is only a few inches, : 

1 heſe i images, it is true, are much ſmaller than 85 
the objects themſelves: but this by no means pre- 
voents diſtinctneſs of viſion, A ſmall object near, 

mf e greater than a very large body at a 
diſtance, 
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diſtance, In fact, A to- aner piece“ appears to the 
eye greater than a ſtar in the heavens, though that 
ſtar far exceed the earth in magnitude. 

Perſons whoſe ſight is ſhort, or Miopes, have oc- 
caſion, then, for glaſſes which repreſent objects as 
nearer; ſuch are concave lenſes. And thoſe whoſe 
ſight 1s long, or Preſbites, need convex glaſſes, which 
repreſent to them Wy at a rater diſtance. 


16th Fanuary, I 762, 


LETTER LXXXIV. 


= of mm Magnitude, of the 7; 42 Angle, and 2 5 


M 7 croſcopes i in general. 


HAVE ins remarking, that Mi open 6 are © obliged ; 
0 make uſe of concave glaſſes to aſſiſt their vi- 
| en of diſtant objects, and that Preſbites em- 

5 ploy convex glaſſes in order to a more diſtin 
viſion of ſuch as are near: each ſight has a 
certain extent, and each requires A. glaſs which 
ſhall repreſent objects perfectly. This diſtance 
in the Micpes is very ſmall, and in the Preſbites 

very g great: but chere are eyes ſo happily « conform- | 


* A mall ſilver coin, ſomewhat bigger than the pop or 


the eye, in value the e part of a crown. 
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ed, as to ſee nearer and more diſtant objects equalſhy 
5 . = 
Nevertheleſs, of whatever nature any perfon's 
fight may be, this diſtance is never very ſmall: there 
is no Miope capable of ſeeing diſtinctly at the diſtance 
of leſs than an inch; you muſt have obſerved, that 
when the object is brought too cloſe to the eye, it 
has a very confuſed appearance; this depends on 
dhe ſtructure of the organ, which is ſuch in the hu- 
man ſpecies, as not to admit of their ſeeing objects 
very near. To inſects, on the contrary, very diſtant 
objects are inviſible, while they eaſily fee fuch as are 
nearer. I do not believe that a fly is capable of 
ſeeing the ſtars, becauſe it can ſee extremely well at 
the diſtance of the tenth part of an inch, a diſtance 
at which the human eye can diſtinguiſh abſolutely | 
nothing. This leads me to an explanation of the 
microſcope, which repreſents to us the imalleſt object : 
| as if it were very great. 5 = 
In order to convey a juſt idea of i it, I muſt i intreat = 
vou carefully to diſtinguiſn between the apparent 8 
and the real magnitude of every object. Real mag- © 
nitude conſtitutes the object of geometry, and is in- 
variable as long as the body remains in the ſame 
ſtate. But apparent magnitude admits of infinite 
variety, though the body may remain always the 
fame. The ſtars, accordingly, appear to us ex- 
tremely ſmall, though their real magnitude is pro- 
digious, becauſe we are at an ee diſtance from 
them. Were it poſſible to 2 them, they 
—— would 
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would appear greater, from which you will conclude, 


that the apparent magnitude depends on the angle 


formed in our eyes, by the rays which proceed from 


the extremities of the object. 


Let PO plate VII. fig. 1. ) be the object of 


viſion, which, if the eye were placed at A, would 
appear under the angle PA Q, called the viſual an- 
gle, and which indicates to us the apparent magni- 


tude of the object; it is evident, on inſpecting the 
figure, that the farther the eye withdraws from the 


object, the ſmaller this angle becomes, and that 1 Wt. 
1s poſſible for the greateſt bodies to appear to us un- 
der a very ſmall viſual angle, provided our diſtance : 
ls from them be very g oreat, as 1s the caſe with the ſtars. 
But when the eye approaches nearer to the object, 2 
and looks at it from B, it will appear under the vi- 


ſual angle P BQ 


22 whic! 1 18 evidently greater than 
P A Q. Let the eye advance {till forward to E, 
and the viſual angle PC Q is ſtill greater. F . 
ther, the eye being placed at D, the viſual angle 
| will be P. D Qs Fes” on advancing forward to E, the 
viſual angle will be PEQ;: always greater and 
£ greater. : The nearer, therefore, the eye approaches ; 
to the object, the more the viſual angle increaſes, 
and conſequently likewiſe the apparent magnitude, 8 
However ſmall the object may be, it is poſſible, 
therefore, to increaſe its apparent magnitude at 
_ pleaſure, you have only to bring it ſo near the eye 
as 1s neceſſary to form ſuch a viſual angle. A fly 
ear enough to the eye may, of conſequence, appear 


under 
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under an angle as great as an elephant at the diſtance 
of ten feet. In a compariſon of this ſort, we muſt 
take into the account the diſtance at which we ſup- 
poſe the elephant to be viewed ; unleſs this is done, 
we affirm abſolutely nothing; for an elephant ap- 
pears great only when we are not very far from it; 
at the diſtance of a mile, it would be impoſſible, per- 
haps, to diſtinguiſh an elephant from a pig; and, 
| tranſported to the moon, he would become abſo- 
lutely inviſible; and I might affirm with truth, that 
a fly appeared to me greater than an elephant, if the | 
latter was removed to a very conſiderable diſtance. 
Accordingly, if we would expreſs ourſelves with 
preciſion, we muſt not ſpeak of the apparent magni-= 
tude of a body, without taking diſtance likewiſe into 


the account, as the ſame body may appear very : 


great or very fmall, according as it's diſtance 1 15 
greater or leſs. It is very eaſy, then, to ſee the 


ſſalleſt bodies under very great viſual angles; they i 
5 need only to be placed very cloſe to the eye. 


This expedient may be well enough adapted to a 
fly, but the human eye could ſee nothing at too ſmall 


0 diſtance, however ſhort it's ſight may be; beſides, 
perſons of the beſt fight ud with to ſee likewiſe | 


the ſmalleſt objects extremely magnified. The 
fi thing required, then, is to find the means of enabling 


us to view an object diſtinEtly, notwithſtanding „ 
great proximity to the eye. Convex lenſes render 


us this ſervice, 2 5 removing the W of 55 : 


Let 
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Let a very ſmall convex lens M N be employed, 
(plate VII. fig. 2.) the focal diſtance of which ſhall 
be half an inch; if you place before it a ſmall ob- 
jet O P, at a diſtance ſomewhat leſs than half an 
inch, the lens will repreſent the image of it o P, as 


far off as could be wiſhed. On placing me eye, 
then, behind the lens, the object will be ſeen as if it 

- were at o, and at a ſufficient diſtance, as if it's 

: magnitude were 0 p: as the eye is ſuppoſed very 
near the lens, the viſual angle will be p f o, that is 

che fame as P ©, Ander which the naked eye 
would fee the object OP in that proximity; but the 

viſion is become diſtinct by means of the lens: ſuch 
is the pong on which microſcopes are con- 


5 ſtructed. 
1 9h Jamar), 1 76. 
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7H E N ſeveral perſons view the fs object 


example, they all agree that they ſee it greatly mag- 


nified, bur their 3 2 the real mag- 


large 


through a microſcope, the foot of a fly, for 
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large as that of a horſe; another, as that of a goat; 
a third, as that of a cat. No one, then, advances 
any thing politive on the ſubject, unleſs he adds, at 
what diſtance he views the feet of the horſe, the goat, 
or the cat. They all mean, therefore, without ex- 
preſſing it, a certain diſtance which 15 undoubtedly 
different; conſequently there is no reaſon to be ſur- 
prized at the variety of the judgments which they 
| pronounce, as the foot of a horſe, viewed at a diſ- 
tance, may very well appear no bigger than that of 


a cat, viewed near to the eye. Accordingly, when 


the queſtion is to be decided, How much does 
the microſcope magnify an object? we muſt accuſ- 

tom ourſelves to a more accurate mode of expreſ- . 
ſion, and particularly to ſpecify the diſtance," in the 1 

compariſon which we mean to inſtitute. | 
It is improper, therefore, to compare TY appear- 5 


ances preſented to us by the microſcope, with ob- 


5 jects of another nature, which we are accuſtomed $0 --- 
view ſometin mes near, a and ſometimes at a diſtance. 


'The moſt certain method of regulating this eſtima- 


tion ſeems to be that which 1 15 actually employed by 
authors who treat of the microſcope. They con- 
py a {mall object viewed through the microſcope 


with the appearance which it would preſent to the 


3 eye, on being removed to a certain diſtance; 
and they have determined, that, in order to con- 

E template ſuch ſmall object to advantage by the na- 

| ked eye, it ought to be placed at the diſtance of 
| eight inches, which on the ſtandard for good eyes, for 

= a ſhort. 


A GERMAN PRINCESSs 3569 
a ſhort-ſighted perſon would bring it cloſer to the 
eye, and one far-ſighted would remove it. But this 
difference does not affect the reaſoning, provided 
the regulating diſtance be ſettled; and no reaſon can 
be aſſigned for fixing on any other diſtance than that 
of eight inches, the ae received by all authors 
who have treated of the ſubject. Thus, when it is 
ſaid that a microſcope magnifies the object a hun- 
dred times, you are to underſtand that, with the 
aſſiſtance of ſuch microſcope, objects appear a hun- 
dred times greater than if viewed at the diſtance vr - 
eight inches and thus you will form a juſt ; idea of 
the effect of a microſcope. „ 
In general, a microſcope magnifies as many times as 
an object appears larger than If] it were viewed with- 
dut the aid of the glaſs at the diſtance of eight inches. . 
Pou will readily admit that the effect is ſurpriſing, 
if an object i is made to appear even a hundred times 
greater than it would to the naked eye, at the diſ- 

: tance of eight inches: but 1 it has been carried much 
farther, and microſeopes have been conſtructed, 
Which magnify five hundred times, a thing almoſt = 
incredible. In ſuch a caſe it might be wich unk 

5 affirmed, chat the leg of a fly appears greater than 
- that of an elephant. Nay I have full conviction, 

that it is poſſible to conſtruct microſcopes capable of 
magnifying one thouſand, or even two thouſand 
times, which would undoubtedly lead to the diſco- : 
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But when it is affirmed, that an object appears, 
through the microſcope, a hundred times greater 
than when viewed at the diſtance of eight inches, it 
is to be underſtood that the object is magnified as 
much in length, as in breadth and depth, ſo that 
each of theſe dimenſions appears a hundred times 
greater. You have only, then, to conceive, at the 

diſtance of eight inches, another object ſimilar to 

the firſt, but whoſe length is a hundred times greater, 

as well as it's breadth and depth, and ſuch will be 
the image viewed through the microſcope. Now, 
if the length, the breadth and depth of an object, 
be a hundred times greater than thoſe of another, 
you will ealily perceive that the whole extent will 
be much more than a hundred times greater. In 


older to put this in the cleareſt light, let us conceĩve 


two parallelograms AB CD, and EF G H, (plate 


— wh N. 3.) of the ſame breadth, but that the 
. length of 8 firſt A B, ſhall be five times greater 


than the length of the other E E; it is evident that : 


the area, or Get contained in the firſt, is five times 
greater than that contained in the other, as in fact 


this laſt is contained five times in the firſt. To render, 


ttht/en, the parallelogram AD five times greater than 
the parallelogram E H, it is ſufficient that its length 


AB be five times greater, the breadth being the: -- 
5 fame; and if, beſides, the breadth were Ukewiſe five 
times greater, it would become five times greater 


ſtill, thac | 15 five times five times, or twenty-five 


times greater. Thus, « vi two ſurfaces, if the one be 
* 
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live times longer and five times broader than the 
other, it is, in fact, twenty-five times greater. 
If we take, farther, the height or depth into the 
account, the increaſe will be ſtill greater. Conceive 
two apartments, the one of which is five times 
longer, five times broader and five times higher than 
the other ; ; it's contents will be five times 25 times, 
that is 125 times greater. When, therefore, it is 
fad that a microſcope magnifies 100 times, as 
this is to be underſtood not only of length, but of 
| breadth and depth, or thickneſs, that is of three di- 
menſions, the whole extent of the object will be 15. 
creaſed 1co times 100 times 100 times; now 100 0 
times 100 make 10,000, which taken again 190 times 
make 1,000,000; thus when a microſcope. magni- 
fies 100 times, the whole extent of the object is re- 
prefented 1,000,000 times greater. We ſatisfy our- 
ſelves, however, with ſaying that the microſcope 
magnifies 100 times; bur it 18 to be underſtood that 
all the three dimenſions, namely, length, breadth, 
and depth are repreſented 100 times greater. If 
then a microſcope ſhould magnify 1900 times, the 
hole extent of the object would become 10o0 
times 1000 times 1000 times greater, which makes 
looo, ooo, ooo, or a thouſand millions: a moſt aſto- 
niſhing effect! This remark is neceſſary to the 
formation of a juſt idea of what is aid reſpecting 
the power of microſcopes. = I 
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LETTER LXXXVI. 


a Propoſi tion for the Conftrudtion of Simp! "+ 


e Plan of fone Simple ee 


AvING explained | in what manner we are 
enabled to judge of the power of micro- 


8 it will be eaſy to unfold the fundamental 
principle for the conſtruction of ſimple microſcopes. = 
And here it may be neceſſary to remark, that there 
are two kinds of microſcopes; ſome conſiſting fs 
- ſingle lens, others of two or more, named, accord- 1 
| ingly, ſimple or compound microſcopes, and which 5 
5 require particular elucidations. I ſhall confine my- 1 
ſelf, at preſent, to the ſimple microſcope, which con- 
-- mts of a ſingle convex lens, the effect of which is 
determined by the following propoſition: Af ple 
5 microſcope magnifies as many limes as its focal diſtance 
ts, nearer than eight inches. "The demonſtration - 
tollows. 1 b 
1 Let MN, Vs plate VI. fo. 4. )t bs 4 convex lens, 1 
: whoſe focal diſtance, at which the object O P muſt 
be placed nearly, in order that the eye may ſee it 
diſtinctly, ſhall be CO; this object will be perceived N 
under the angle O CP. But if it be viewed at the 
diſtance of eight inches, | it would appear under an 
angle as many times ſmaller as the diſtance of eight 
inches LT the cillance. CO: the object will 


. 5 


— 


A GERMAN PRINCESS. 373 


— — — 


appear, therefore, as many times greater than if it 
were viewed at the diſtance of eight inches. Now, 
in conformity to the rule already eſtabliſhed, a mi- 
croſcope magnifies as many times as it preſents the 
object greater than if we viewed it at the diſtance of 
eight inches. Conſequently a microſcope magni- 
fies as many times as it's focal diſtance is leſs than | 
: eight inches. A lens, therefore, whoſe focal diſtance | 
is an inch, will magnify preciſely eight times; and a 
lens whoſe focal diſtance is only half an inch, will 
magnify ſixteen times. The inch is divided into 
twelve parts, called lines; half an inch, accordingly, 
contains ſix lines; hence it would be eaſy to deter- 
mine how many times every lens, whoſe focal diſ- 
| rance is given in lines, muſt. magnify ; according 
to the following table: 1 
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Focal diſtance of the lens in i lines, 


. 1 2 . „ SL. Ms 
magnifies 8. 16. 16. 24. 32. 48. 56. 192 times. 


Thus a convex lens. whoſe wert diſtance is one 

line, magnifies ninety- ſix times, and if the diſtance 

be half a line, the microſcope will magnify | one hun- LO 

1 dred and ninety- two, that 1s near two hundred times. 

Were greater effect ſtill to be deſired, lenſes muſt „ 

conſtructed of a ſtill ſmaller focus. Now, it has 
been already remarked that, in order to conſtruct RE 
3 lens of any certain En wes It is only neceſ- 


B b 3 — fary 
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ſary to make the radius of each face equal to that 
focal diſtance, ſo that the lens may become equally 
convex on both fides. I now proceed, then, to 
place before you (plate 228 ip. 5.) the form of ſome 
of theſe lenſes or microſcopes. 


| I. The focal diſtance of this lens A O is one inch 
or twelve lines. This eee therefore, mag - 


58 nifies eight times. 


* The focal diſtance of . lens MN is dghe 
lines. This microſcope magnifies twelve times. 
III. The focal diſtance of the lens MN is fix 
lines. This microſcope magnifies ſixteen times. 
IV. The focal diſtance of this lens is four lines; 
: and ſuch a microſcope magnifies twenty- -four times. 


V. The focal diſtance here 1 is three lines. This | 


1 microſcope magnifies thirty- two times. 


VI The focal diſtance here is two lines. Th his 
microſcope magnifies forty-eight times. 
l The focal diſtance of this lens is only one 
line; and ſuch a microſcope magnifies ninety- -ſix 


ES, times. 


1 poſſible to conſtruct microſcopes ſtill much 
ſmaller. They are actually executed, and much 

more conſiderable effects are produced ; whence it 
muſt be carefully. remarked, that the diſtance of 
er as it E hs —_ a to the 3 

diſtance of the lens. I ſay nearly, as every eye 


brings the glaſs cloſer to it, ſome what more or 
les 5 
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lels, according to its formation; the mort-ſighted 
apply it cloſer, the far-ſighted leſs ſo. You per- 
ceive then, that the effect is greater, as the mi- 
croſcope or lens become ſmaller, and the cloſer 
likewiſe the object muft be applied ; this is a very 
great inconvenience, for, on the one hand, it is 
troubleſome to look through a glaſs ſo very ſmall, 
and, on the other, becauſe the object muſt be 
placed ſo near the eye. Attempts have been made 
to remedy this inconvenience, by a proper mount- 
ing, which may facilitate the uſe of it; but the vi- 

| ſion of the object is conſiderably | diſturbed, as ſoon 
as the diſtance of it undergoes the ſlighteſt change : 2 
and as in the caſe of a very ſmall lens, the object 
muſt. almoſt touch it, whenever the ſurface of the 
object 1 is in the leaſt degree unequal, it is ſeen but 
confuſedly. For, While the eminences are viewed 
at the juſt diſtance, the cavities being too far re- 
moved, muſt be ſeen very confuſedly. This ren- 
ders it neceſſary to lay aſide ſimple microſcopes, 5 
when we wiſh to magnify very conſiderably, and to 
; have recourſe to the compound microſcope. | 5 
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LETTER LXXXVII. 
Bounds, and 8 8 of the Simple M. ieroſcope. 

Y O U have now ſeen how ſimple microſcopes 
may be conſtructed, which ſhall magnify as 

many times as may be deſired ; you have only to 

| meaſure off a ſtraight line of eight inches, like that 
which I have marked AB,“ ( (plate VII. fig. 6.) 
which contains preciſely eight inches of the Rheniſh 


foot, which is the frandard all over Germany. This 
line AB muſt then be ſubdivided into as many | 


5 equal parts as correſpond to the number of ines 


you wiſh to magnify the object propoſed, and one 


of theſe parts will give the focal diſtance of the lens 
tat is requiſite. Thus, if you wiſh to magnify L 
hundred times, you muſt take the hundredth part 


of the line A B, conſequently, you muſt conſtruct 
lens whoſe focal diftance ſhall be preciſely equal to 
that part A 1, which will give, at the ſame time, 


= the radius of the ſurfaces of the lens repreſented 1 in 
5 article VII, of the preceding figure. Hence Nu 


ſtration. 


evident, that the greater the elec we mean to 
produce, the ſmaller muſt be the lens, as well as the 


focal diſtance at which the object” OP muſt be - 


* It bel ;mpoſibl TTY to e a Araigbt line of 45 - 
inches, one of four is employ ed for the — of demon- 


bed 6 
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placed before the lens, while the eye is applied be- 
hind it: and if the lens were to be made twice 
ſmaller than what I have now deſcribed, in order 
to magnify two hundred times, it would become 
ſo minute, as almoſt to require a microſcope to ſee 
the lens itſelf; beſides it would be neceſſary to ap- 
proach ſo cloſe, as almoſt to touch the lens, which, 
as J have already obſerved, would be very incon- 
venient. The effect of the microſcope, therefore, 
could hardly be carried beyond two hundred times; 
which is by no means ſufficient for the inveſti- 
gation of many of the minuter productions of na- 
ture. The pureſt water contains ſmall animalcules, 
which, though magnified two hundred times, ſtill 
: appear no biower han” fleas; and a microſcope 
which ſhould magnify 20,000 times, would be ne- 
ceſſary to magnify their appearance to the ſize of a 


nut, and we are far from reaching this degree, even 


with the aſſiſtance of the compound microſcope. 10 5 
But beſides the inconveniences attending the uſe 
of ſimple microſcopes which have beer already 


pointed out, all thoſe who. employ them, with a 


view to very great effect, complain of another con- 


fiderable defect; it is this, the more that objects 


are magnified, the more obſcure they appear; they . 
ſeem as if viewed in a very faint light, or by moon- 
light, ſo that you can hardly diſtinguiſh any thing 
Clearly. You will not be ſrptized at this, when 
you recollect, that the light of the full moon is more 
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than two hundred thouſand times fainter than that of 
the ſun. 
It is of much importance, therefore, to , explain 
- whence this diminution of light proceeds. We can 
eaſily comprehend, that if the rays which proceed 
from a very ſmall object muſt repreſent it to us, as 
if i it were much larger, this ſmall quantity of light | 
would not be ſufficient. But, however well unte 
this reaſoning may appear, it wants ſolidity, and 
throws only a falſe light on the queſtion. For if 


| the lens, as it proceeded i in magnifying, neceſſarily 


produced a diminution of clearneſs, this muſt like- 
wiſe be perceptible 1 in the ſmalleſt effects; even ſup- 
| poſing it were not to ſo high a.degreg; but you may 
magnify up to fifty times without perceiving the 


leaſt apparent diminution of ght, which, however, 


ought to be fifty times fainter, if the reaſon ad- 
e were juſt. We muſt look elſewhere, then, 
for the cauſe of this phenomenon, and even relort to 
the firſt principles of viſion. 
N muſt entreat you, then, to recollect What 1 
have already ſuggeſted reſpecting the uſe of the 


pupil, or that black aperture which we ſce 1 in the 


eye at the middle of the 11s. It is through this 
aperture that the rays of light are admitted into the 
ene; accordingly, the ut this aperture is, the 
more rays are admitted. We muſt here conſider | 
two caſes, in which objects are very luminous and 
brilliant, and 1 in winch ey are illuminated by only 


— very 
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a very faint light. In the firſt, the pupil contracts 
of itſelf, without any act of the will, and the Crea- 
tor has beſtowed on it this faculty, in order to pre- 
ſerve the interior of the eye, from the too dazzling 
effect of light, which would infallibly injure the 

nerves. Whenever, therefore, we are expoſed to a 
very powerful light, we obſerve that the pupil of 
every eye contracts, to prevent the admiſſion of any 
more rays into the eye than are neceſtary to paint 

im it an image ſufficiently luminous. But the con- 

trary takes place when we are in the dark; the 

pupil, in that caſe, expands to admit the light in a 
greater quantity. This change is eaſily percepti- 
ble, every time we paſs from a dark to a luminous 

ſituation. With reſpect to the ſubject before us, F. 

confine myſelf to this cire; umſtance, that the more 

rays of light are admitted into the eye, the more 

luminous will be the image trenſcmitted to the e. 

tina, and reciprocally, the ſmaller the quantity of 

rays which enter the eye, the fainter does the image 
become, and conſequently the more obſcure docs 

it appear. It may happen, chat though the pupil 

is abundantly expanded, a few rays only ſhall be 
admitted into the eye. ' You have only to prick * 
little hole in a card with a pin, and look at an ob- : | 

; ject through it ; and then, however ſtrongly ilumi- 
nated by che fun, the object will appear dark in 
proportion as the aperture is ſmall, nay, it is poſſi- 

ble to look at the ſun itſelf, employing this precau- 

tion. The reaſon is obvious, a ey rays only are 
admitted 
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admitted into the eye: however ex panded the pupil 
may be, the pin- hole in the card determines the 
quantity of light which enters the eye, and not 
the pupil, which uſually performs that function. 
The ſame thing takes place in the microſcopes 
which magnify very much; for when the lens is 
extremely ſmall, a very few rays only are tranſmit- 
ted, as mn ( plate VII. fig. 8.) which being ſmaller 
than the aperture of the pupil, make the object ap- 


pear ſo much more obſcure; hence, it is evident, 


that this diminution of light takes place, only when 
the lens MN, or rather it's open part, is fnaller - 


than the pupil. If it were poſſible to produce a 


great magnifying effect by means of a greater lens, 


„„ obſcurity would not take place; and this is the 
true ſolution of the queſtion. In order to remedy 


this inconvenience, in the great effects of the mi- 


croſcope, care is taken to illuminate the object as 


| ſtrongly as poſlible, to give greater force to the few 
rays which are conveyed into the eye. To this el 
fect objects are illuminated by the ſun itſelf, mir- 


Tors likewiſe are employed, which reflect on them 


the light of the ſun. Theſe are, nearly, all the 
circumſtances to be conſidered reſpeCting the ſim- 
ple microſcope, and by theſe you will eaſily form a 


judgment of the effect of all thoſe whuch. 008 may 
have occaſion to inſpect. 


nocd Saws, 1762. 185 
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LETTER LXXXVII. 
on nahere and ther Efe 


EFORE I proceed to explain the conſtruc- 
tion of compound microſcopes, a digreſſion 
reſpecting the teleſcope may perhaps be acceptable. 
Theſe two inſtruments have a very intimate con- 
nection: the one greatly aſſiſts the elucidation of i 
the other. As microſcopes ſerve to aid us in con- 
teraplating nearer objects, by repreſenting them 
under a much greater angle than when viewed at 
a certain diſtance, ſay eight inches; ſo the teleſcope . 
is employed to aſſiſt our ene of very diſtant 
objects, by repreſenting them under a greater angle 
than that which they preſent to the naked eye. 
Inſtruments of this ſort are known by ſeveral names, 
according to their ſize and uſe; but they muſt be 
5 carefully difinguilhed from the glaſſes uſed by aged 


. perſons to relieve the decay « of fight, _ 


A teleſcope magnifies as many times as it repre- 
| {ents objects nider - an angle greater than is pre- 


= ſented to the naked eye. "The moon, for example, 


appears to the naked eye under an angle of half a 

degree, conſequently, a teleſcope magnifies one hun- 
dred times, when it repreſents. the moon under an 
angle of fifty degrees, which is one hundred times 
greater than half a degree. If it maęnified two 


hundred ED 


Fs o 


-epreſent the moon under 
i degrees: and the moon 
„ i in tat: Eaie; el pe car to fill more than half 
of the vißbſe heavens, whoſe whole extent is only 
one hundred and eighty degrees. 
In comnion language, we ſay dat the teleſcope 
brings the object nearer to us. This is a very 
equivocal mode of expreſſion. and admits of two 
different ſignifications. The one, that on looking 
; through a teleſcope, we conſider the object as many 
times nearer, as it is magnified. But I have already 
remarked, that it is impollible to know the diſtance 


of objects but by actual meaſurement, and that fuck 


meaſi rement can be applied only to objects not 
greatly remote ; when, the erefore, they are ſo remote 
as 1s here ſuppoſed, the eſtima ation of diſtance might 
greatly miſlead us. The other ſignification, which 
: conveys the idea, that teleſcopes repreſent objects 
as great as they would appear, if we approached 
nearer to them, is more conformable to truth. 
You know that the nearer we come to any object, 
” the greater becomes the angle under which it ap- 
pears; this explanation, accordingly, reverts to that 
with which I fer out. When, however, we look at 
well-known objects, ſay men, at a great diſtance, 
and view them through a teicſcope under a much 
greater angle, we are ed to imagine ſuch men to 
be a great deal nearer, as, in that caſe, we would, 
in effect, fee them under an anole ſo much greater. 
But in examining objects leſs approachable, ſuch as 
BT 2 oh the 
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the ſun and moon, no meaſurement of diſtance can 
take place. This caſe is entirely different from that 
which I have formerly ſubmitted to you, that of a 
concave lens, employed by near-ſighted perſons, 
which repreſents the images of objects at a very 
ſmall diſtance. The concave lens which I uſe, for 
example, repreſents to me the images of all remote 
objects, at the diſtance of four inches; it is impoſ- 
ſible for me, however, to imagine that the fun, 
moon, and ſtars are ſo near ; accordingly | we do not 
conclude that objects are where their images are 


found repreſented by glaſſes: : we believe this as 


little as we do the exiltence of objects i in our eyes, 
though their | images are painted there. You will 


pleaſe to recollect that the eſtimation of the real 5 


diſtance, and real magnitude of objects, depends on 
5 particular circumſtances. 
= RYE principal end of teleſcopes, then, f is to in- 
creaſe, or multiply, the angle under which objects ” 
appear to the naked eye; 13 85 the principal divi- 
ſion of teleſcopes 18 eſtimated by the effect Which 
they procure. Accordingly we ſay ſuch Aa tele- 
ſcope magnifies five, another ten, another twenty, . 


aandther thirty times, and ſo on. And here I re- 


mark that pocket-glafſes rarely magnify beyond ten 
times; but the uſual teleſcopes employed for ex- 
amining very diſtant terr eſtrial objects magnify 
from twenty to thirty times; and their length _ 
amounts to ſix feet or more. A ſimilar effect, 5 
: though very conſiderable with regard to terreſtrial 22 
objects, 
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objects, is a mere nothing with reſpect to the hea- 
venly bodies, which require an effect inconceivably 
greater. We have, accordingly, aſtronomical te- 
le ſcopes, which magnify from fifty to two hundred 
times; and it would be difficult to go farther, as, 
according to the uſual mode of donſtrücting them, 
the greater the effect is, the longer they become, 
A teleſcope that ſhall magnify one hundred times 

' mult be at leaft thirty feet long ; and one of a hun- 
dred feet in length could fearcely magnify two hun- 


dred times. You muſt be ſenſible, therefore, that , 


the diff: culty of Pointing and managing ſuch an un- 
wieldy machine, muſt oppoſe inſurmountable obſta- 
eles to puſhing the experiment farther. N he fa- - 

mous Hevelius, the aſtronomer at Dantzick, em- 


ployed teleſeopes two hundred ſeet long; but ſuch = 


inſtruments muſt, undoubtedly, have been very de- 
feclive, as the ſame things are now diſcovered by in- 
ſtruments much ſhorter. 
This is a brief general deſcription of teleſcopes, 
and of the different kinds of them, which it is of 


importance carefully to remark, before we enter 


into a detail Ot their conſtruction, and of the man- 
© ner in which two or more lenſes are united, in order 
EL to produce all th e different effects. 7 


2d February, 1762. 
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LETTER LXXXIX. 
Oo Pocket-Glaſſes. 


'E have no certain laben des reſpecting 
VY the perſon to whom we are indebted * 
ae diſcovery of the teleſcope ; whether he were a 
Dutch artiſt, or an Italian of the name of Porta. 
Whoever he was, it is almoſt one hundred and fifty 
years ſince ſmall pocket- glaſſes were firſt con- 
ſtructed, compoſed of two lenſes, of which the one 
ns convex, and the other concave. To pure 
chance, perhaps, a diſcovery of ſo much utility! is to 
be -aſcribed.. It was poſſible, without deſign, to 
place two lenſes nearer to, or farther from each 


| other, till the object appeared diſtinctly. 


The convex lens PAP (plate VII. fg. 9. ) is di- 
ST. rected toward the object, and the eye is applied to 
the concave lens QB Q: for which reaſon the lens 

PAP is named the objective, and QB Q the 

ocular lens. Theſe two lenſes are diſpoſed on the = 
ſame axis AB, perpendicular to both, and paſſing 
through their centres. The focal diſtance of the 

convex lens PAP muſt be greater than that of the 
concave; and the lenſes muſt be diſpoſed 1 in ſuch a 


— manner, that if A F be the focal diſtance of the ab- 


= e PAP, the focus of the ocular QB Qmuſt 
fall at the ſame point F; | Accordingly, 6 the interval 
„„ Cc between 
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between the lenſes A and B, is the difference between 
the focal diſtances of the two lenſes, A F being the 
focal diſtance of the objective, and B F that of the 


ocular. When the lenſes are arranged, a perſon 


with good eyes will clearly ſee diſtant objects, which 
will appear as many times greater as the line A F 
is greater than BF. Thus, ſuppoſing the focal diſ- 
tance of the objective to be ſix inches, and that of 
the ocular one inch, the object will be magnified ſix 
times, or will appear under an angle fix times 
greater than when viewed with the naked eye, and, in 

| this caſe, the interval between the lenſes A and B will 
be five inches, which i is, at the ſame time, the length 
of the inſtrument. 'F here i is no need to inform you 


that theſe two lenſes are caſed in a tube of the fame = N 


x length, though not thus repreſented | in the figure. 55 


Having ſhewn in what manner the two. lenſes are 1 


to be joined together in order to produce a good | in- 
ftrument, two chings muſt be explained to you: the 
one, How theſe lenks come to repreſent objects dif- 
tinctly; and the other, Why they appear magnified 
as many times as the line A F exceeds the line B F. 

With reſpect to the firſt, it muſt be remarked, that a 
good eye fees objects beſt, when they are ſo diſtant 
that the rays which fall on the eye may be conſidered. ” 

as as parallel to each other. 

Let us conſider, then, a point V 7 plate 2 


fo. 10.) in the object toward which the inſtrument 


is directed, and on the ſuppoſition of it's being very 
. the rays which. tall on the ove P Q% 
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O A, P . will be almoſt parallel to each other; 


accordingly, the objective QA Q, being a convex 
lens, will collect them in its focus F, ſo that theſe 
rays, being convergent, will not ſuit a good eye. 
But the concave lens at B, having the power of 


rendering the rays more divergent, or of diminiſhing 


their convergency, will refract the rays QR, QR, 


ſo that they ſhall become parallel to each other; 
that is, inſtead of meeting in the point F, they will 
aſſume the direction R S, R S, parallel to the axis 
BF. Thus a good eye, according to which the 
conſtruction of theſe inſtruments is always regulated, 


on receiving theſe parallel rays RS, BF, RS, 


will ſee the object diſtindtly. The rays RS, RS, 
become exattly parallel to each other, becauſe the 
concave lens has 1 its focus, or rather! its Point of diſ- 


perſion, at F. 


+= Lou have ly to recollect that, when partie 
. rays fall on a concave lens, they become divergent 


. by refraction, ſo that being produced back ward, 


they meet in the focus. This being laid down, we 

bave only to reverſe the caſe, and to conſider the Er 

rays SR, SR, as falling on the concave lens; in 
this caſe i it is certain they would aſſume the direc- R 
tions R * R Q, which, produced backward, 
would meet in the point F, which 18 the common 


focus of the convex and concave lenſes. Now i it is 


— general law, that in whatever manner rays are re- 
fracted in their paſſage from one place to another, 
5 they muſt always undergo the ſame refractions mn 
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returning from the laſt to the firſt. If, therefore, 
the refracted rays R RQ, correſpond to the in- 
cident rays E R, S R; then, reciprocally, the rays 
QR, QR, being the incident, the refracted rays 
will be RS and RS. 5 


The matter will, perhaps, appear in a clearer 


light ſtill, when I ſay, that concave lenſes have the 
power « of rendering parallel thoſe rays which, without 
the refraction, would proceed to their focus. - You 
will pleaſe carefully to attend to the following 
laws of refraction, which apply 1 to both convex and | 
Concave lenſes. : N 
1 8 By a convex lens ( plate VI. 1 11 + bare 15 
rays are rendered convergent. 
Convergent rays become {il more : ſo, ( plate 2 
K. 1.) and divergent leſs divergent. 


, By a concave lens parallel rays are rendered 55 
” divergent. (Plate VIIL. fig. 2) 


| Divergent rays become ill more aeg, fe-3: 2 
md convergent rays leſs convergent. 


All this is founded on the nature of refraction, SY 5 


the figure of the lenſes, the diſcuſſion of which would 
require a very long detail; but the two rules which 


Ihhave now laid down, contain all that is eſſential. 1 
It is abundantly evident, then, that when the convex 


and the concave lenſes are ſo combined, that they ac- 
gquire a common focus at F, they will diſtinctly re- 
preſent diſtant objects, becauſe the paralleliſm of the 
rays is reſtored by the concave lens, after the con- 
vex lens had rendered them convergent. In other 
CT a nan Lge: VV words, 
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words, the rays of very diſtant objects, being nearly 


parallel to each other, become convergent by a con- 


vex lens, and afterwards, the concave lens deſtroys 


this convergency, and : again renders the rays parallel 
to each other. 


6th H 1762. 


LETTER XC. 


On ; the magnifying Power f Pocket Glaſſes. 


in the following propoſitions. | 


* Let Ee (Plate VII. g. 4) be the object, f 
tuated on the axis of the inſtrument which paſſes 
perpendicularly through both lenſes i in their centres. 

This object Ee muſt be conſidered as at an n infinite - 


£ diſtance. 5 


II. If chen pron eye, placed at = 1 looks at this 
. object, it will appear under the angle E A e, called 

its viſual angle. It will, e e be neceſſary 
to prove, that on looking at the ſame object through 
0 3 5 the 


| HE principal article: reſpecting teleſcopical 

4 inſtruments, remains ſtill to be explained, - 
. We their effect in magnifying objects. 1 hope 5 
to place this in ſo clear a light, as to remove every 
: difficulty! in which the ſubject may be involved; and 
for this purpoſe I ſhall comprize what have to fay, 
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the glaſs, it will appear under a greater angle, and 
exactly as many times greater, as the focal diſtance 
of the objective lens PAP exceeds that of the 
ocular QB Q. 
III. As the effect of all Ener conſiſts i in repre- 

ſenting the objects in another place, and with a Ser- 
tain mügnitude, we have only to examine the images 
which ſhall be ſucceſſively repreſented by the two 
lenſes, the laſt of which is the immediate object of 
the ſight of the perſon who looks — the inſtru- _ 
ment: 
. Now, the object E e being infinitely diſtant 
from the convex lens P A P, it's image will be re- 


pireſented behind the lens at F fo that A F ſhall 


be equal to the focal diſtance of the lens; ; and the 
magnitude of this image Ff is determined by the 

— right line / A e n from the extremity of the 

f object 2 through the centre of the lens A, by which 

we fee that this image 18 inverted, and as many 
times ſmaller than the object, as che diſtance AF 

1s ſmaller than the diſtance AE. 
V. Again, this image F F holds the __ of the 2 


1 object, relatively to the ocular lens QBQ:; as the bs. 


rays which fall on this lens are preciſely thoſe which 
would almoſt form the image F /, but are inter- 


cepted in their progreſs by the concave lens QB Q e 


ſo that this image is only imaginary; z the effect, 

however, | is the — as if it were real. 
VI. This! image F f, which we are now Gander 
ing as an object, Nins at the focal diſtance of the 7 
lens 


* GERMAN» PRINCESS. 391 


lens QB Q, will be tranſported, almoſt to infinity, 
by the refraction of this lens. The preceding figure 
marks this new image at Gg, whoſe diſtance A G 
muſt be conceived as infinite, and the rays, refracted 
a ſecond time by the lens QB Q will purſue the 
ſame direction as if they n proceeded from 
the image Gg. 
VII. This ſecond image 6 9 being, then, the ob- 
ect of the perſon who looks through the inſtrument, 
= magnitude falls to be confidered. To this effect, 
zs it is produced by the firſt | image Ff from the re- 
fraction of the lens Q 3 following the general 
rule, we have only to draw through the centre of 
the lens B a ſtraight line, which ſhall paſs through pn 
the point f of the firſt image, and that line will mark, AD 
at g, the extremity of the ſecond image. 5 
VIII. Let the ſpectator now apply his eye to 3 
and as the rays which it receives purſue the ſame 
direction as if they actually proceeded from the 
image G g, it will appear to him under the angle 
GB g, which is greater than the angle E Az, under 
” which the object Ee appears to the naked eye. 
X. In order the better to compare theſe two 
angles, it is evident, firſt, that the angle E Ae is 


: equal to the angle F A 25 being vertical angles; 1 


for the ſame reaſon the angle GB g is equal to the 
angle F B being vertical and oppoſite at the point 


B. It remains to be proved, therefore, that the 


angle FB F exceeds the angle F Af as many times 
as the line A F exceeds the line B/, the former of _ 
© 0 4” 1 which, 
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which, A F, is the focal diſtance of the objective, 
and the other, B F. the focal diſtance of the 
ocular. 

X. In order to demontirate this, we muſt have 
recourſe to certain geometrical propoſitions reſpect- 
ing the nature of ſectors. You will recollect that 


the ſector is part of a circle contained between two 


radii (C M and C N, and an arch or portion of the | 
circumference MN. In a ſector, then, there are 


three things to be conſidered ; 1. The radius of the 
e circle, C M or CN: 2. The ny of the arch 
MN. The angle MCN. 


XI. Let us now ; conſider two ſectors, M C N and 


m en 6 plate VIII. fig. 5.) whoſe radii C M and cm 
are equal to each other: . now it is demonſtrated i in 
the elements of geometry, that the angles C and c 

have the ſame proportion to each other; that the 
| arches M N and mn have; 3 in other words, the an- 
ple C is as many times greater than the angle c, as 

BE 7 arch M N 1s greater than the arch mn: but, i in- 

ſtead of this i e mode of expreſſion, we fay, 5 
that the angles C and c are proportional t to the 
arches M N. and mn, the radii being equal, 


XII. Let us likewiſe conſider two ſectors M . N , 


had men . fig. 6:): whoſe angles C and c are equal 8 
to each other, but the radii unequal : and it is de- 
monſtrated in geometry, that the arch MN is as 

many times greater than the arch, in 1 as the radius 

CM is greater than the radius cm: or, in geome- 
trical language, the arches are in proportion to the 


radii, 
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radii, the angles being equal. The reaſon is ob- 
vious ; for every arch contains as many degrees as 
its angle; and the degrees of a great circle exceed 
thoſe of a ſmall one as many times as the greater 
radius exceeds the ſmaller. 

XIII. Finally, let us conſider likewiſe the caſe 
wha, as in the two ſectors MCN and n αο 
(A. 7.) the arches MN and mn are equal, but the 

radii CM and cm unequal, - 

In this caſe, the angle C, which correſponds to 

the greater radius C M, is the ſmaller, and the angle 

c, which correſponds to the ſmaller radius c m, is the : 

greater, and this in the fame proportion as the radii. 

That is, the angle c is as many times greater than 

the angle bt as the radius C M is greater than the 
radius cm: or, to ſpeak geometrically, the angles 
are reciprocally proportional to the 1 the arches 

being equal. e 8 

„ This laſt propoſition carries me Hwa 

to my concluſion, after I have ſubjoined this re- 
mark, that when the angles are very ſmall, as in the 
caſe of pocket-glaſſes, there is no ſenſible difference 
in the chords of the arches MN and mn, that | is of 

the ſtraight lines MN, and . 

XV. Having made this remark, we return h 
te. 4 The criangles FA F and F B f may be con- 
ſidered as ſectors, in which the arch F f is the ſame 

in both. Conſequently the angle F B F exceeds the 

angle F A f as often as the diſtance AF exceeds the 
— aitmee BF. That By the object Ee will appear 
5 through 
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8 the inſtrument, under an angle as manf 
times greater as the focal diſtance of the objective 
AF exceeds the focal diſtance of the ocular BF: 
Which was the thing to be demonſtrated. 


9 F rang, 1762. 


| LETTER xcl. 


| Defedts . Pocket Glaſſes. of the apparent Field. 


| 0 U muſt be ſenſible that no great Me 
V is to be expected from ſuch ſmall pu- 5 


ments; and it has already been remarked that they 
do not magnify objects above ten times. Were the 
effe& to be carried farther, not only would the length ” 
become too great to admit of their being carried 
about in the pocket, but they would become ſubject 25 
05 other and more eſſential defects. : This has in- 
Aduuced artiſts entirely to lay aſide glaſſes of this fort, 
0 when ſuperior effect is required. : 


The principal of theſe defects i 1s os tal of . 


the apparent field; and this leads : me forward to ex- 
plain an impor! tant article relating to teleſcopes of 
every deſcription. When a teleſcope is directed 


toward the heavens, or to very diſtant objects on 
the earth, the ſpace diſcovered appears in the figure 


Af a Led and we ſee thoſe objects only which are 


2 Included : 
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included in that ſpace ; ſo that if you wiſhed to exa- 
mine other objects, the poſition of the inſtrument 
muſt be altered. This circular ſpace, preſented to 
the eye of the ſpectator, is denominated the ap- 
_ par ent field, Or „ in one word, the field of the inſtru- 


ment: and it is abundantly obvious, that it muſt be 
a great advantage to have a very large field, and 


that, on the contrary, a ſmall field is a very great 


inconvenience, in inſtruments of this ſort. Let us 
ſuppoſe two teleſcopes directed toward the moon, 
by the one of which we can diſcover only the half of 
that luminary, whereas by the other we ſee her 
whole body, together with the neighbouring ſtars; 
the field of this laſt is, therefore, much greater than 
that of the other. That which preſents the greater 
field relieves us not only from the trouble of fre- 
5 quently changing the poſition, but procures another 


very great advantage; that of enabling us to com- 


pate, by viewing them at the ſame time, ſeveral 


Parts of the object, one with another. 


It is, therefore, one of the greateſt perlections of 
a teleſcope to preſent a very ample field; and it is, 
1 accordingly, a matter of much 1 importance to mea- 
ure the field of every inſtrument. In this view, 
we are regulated by the heavens, and we determine 


the circular ſpace ſeen through a teleſcope, by mea- 
furing 1 it's diameter in Fe and minutes. Thus, 


the apparent diameter of the full moon, being about 
| half a degree, if a teleſcope takes in the moon only, 
we fay that the diameter of it's field is half a degree; 


and 


— „ 2 ? _ 
— I 


« = —_— ws 
— 


. Di 
— 


w a. —_— 4-1 
-- cp — <p — 


| ; — —— IE ie: ”" EE” N r 2 ; #- ts —_—_— — 3 et 4 „ WY. %s p- = 2, 0200”. — Os — _— a 2:46 A ? . 
— ” _— — - — — aca _ — — — — 26—— — T— — _ 6 —_ _ 1 —ů — _ — — es 2— — — *. be — — . — c — - — : 2 2 * r 1 8 0 
> =" r 3 DIS ＋ —. — — 3 7 2 E * WES.” 8 2 2 — — - —” - —— p it — 2 — EIS . — vw — — — 2 — * — | 5 . . — - : — ; : 0 — | = 
a ho. y : 7 8 4 San; — r * * 2 > no 4 — n * 3 5 : 6 
, - * — a 2 * : 1 Moen oath» r —Y * — — * I * SRI I 4 — 56 2 TRIP * 8 — = 5 1 on - £ * . b . — _ — 3 Is - + —_— — 4 | 2 I + i 3 
a , * Is __ 4 . 0 *, - - - WE -. * e C N 2 — =o : 2 == - 4 2 > % — * — 5 3 Ws * $ * 4 * — *% 4 — 


396 LETTERS To 


and if you could ſee at once only the half of the 
moon, the diameter of the field would be the — 
ter of a degree. | 
The meren of angles, then, furniſhes the 
means of meaſuring the apparent field; beſides, the 
thing is ſufficiently clear of itſelf. Suppoſing we 
could ſee through the inſtrument A B ( plate VIII. 
tg. 8.) only the ſpace P OP, and the objects which 
ĩt contains: this ſpace being a circle, it's diameter will 
be the line PO P, whoſe middle point O is in the 
axis of the inſtrument. Drawing, therefore, from 
the extremities PP the ſtraight lines P C, P C, the 
angle P C P will expreſs the diameter of the appa- 
rent field, and the half of this angle OCP is deno- 
minated the ſemi- diameter of the apparent field of i 
ſuch an inſtrument. You will perfectly compre- 
hend the meaning, then, when it is ſaid that the dia- 


5 meter of the apparent field of ſuch an inſtrument 
is one degree, that of another two degrees, and ſo 


on; as alſo when it is marked by minutes, as 30 
minutes which make half a 7 or 1 X minutes 
which make the fourth part of a degree. U 
But in order to form a right judgment of the 
value of a teleſcope, with reſpect to the apparent 
held, we muſt likewiſe attend to the magnifying ; 
power of the inſtru! ment. It may be remarked, in 
general, that the more a a teleſcope magnifies, the 
ſmaller, of neceſſity, muſt be the apparent field; 
theſe are the bounds which nature herſelf has pre- 
pid Let us fuppole an inſtrument which ſhould _ 
= magnify 
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magnify 100 times; it is evident that the diameter 
of the field could not poſſibly be ſo much as two 
degrees: for, as this ſpace would appear 100 times 
greater, it would reſemble a ſpace of two hundred 
degrees; greater, of conſequence, than the whole vi- 
ſible heavens, which, from the one extremity to the 
other, contain only 180 degrees, and of which we 
can ſee but the half at moſt at once, that 1 is a circu- 
lar ſpace of go degrees in diameter. From this you 

de, that a releſcope which magnifies 100 times 
could not contain a feld of fo much as one degree; 
for this degree multiplied 100 times would give 
more than go degrees; and that, accordingly, a tele- 
ſcope which magnified 100 times would be excellent, 
if the diameter of i it's field were fomewhat leſs than 
one degree: and the very nature of the inſtrument 
admits not of a greater effect. 
But another teleſcope, which ſhould magnify only 
10 times, would be extremely defective, if it di- 
covered a field of only one degree in diameter; as 
this field multiplied 10 times would give a ſpace of 
no more than 10 degrees in the heavens, which ; 
would be a ſmall matter, by ſerting too Narrow | 
bounds to our view. We ſhould have good reaſon, 
5 then, to reject ſuch an inſtrument altogether. Thus 
it would be very eaſy, with reſpect to the apparent 
field, to form a judgment of the excellence or de- 
fectiveneſs of inſtruments of this ſort, when the 
effect is taken into conſideration. For when it 


| magnifies only 10 times, it may fairly be: conjectur- - 
p e ed. 
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ed, that it diſcovers a field of g degrees; as de- 
grees taken 10 times give go degrees, a ſpace which 
our ſight is capable of embracing: and if the dia- 
meter of it's field were only 5 degrees, or leſs, this 
would be an inſtrument very defective indeed. 
8 Now I ſhall be able to demonſtrate, that if a tele- 
ſcope were to be conſtructed ſuch as I have been 
deſcribing, which ſhould magnify more than 10 
times, it would be liable to this defect : the apparent 
field multiplied by the magnifying power would be 
very conſiderably under go degrees, and would not 
even ſhew the half. But when a ſmall effect is aim 
ed at, this defect is not ſo ſenſible ; for if ſuch an in- 
ſtrument magnifies only 5 times, the diameter of 
It's field is about 4 degrees, which, magnified 5 
times, contains a ſpace of 20 degrees, wich which 
we have reaſon to be ſatisfied : but if we wiſhed to 
magnify 25 times, the diameter of the field would 
be only half a degree, which taken 25 times, W would 
give little more than 12 degrees, which ! is too little. 

When therefore we would magnify very much, a 


different arrangement of lenſes muſt be employed, : 
which I ſhall afterward explain, | 


50 February, 1762, 
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LETTER XCII. 


Determination of the apparent Field for Pocket Glaſſes. 


O aſcertain the apparent field being of very 


great importance in the conſtruction of tele- 


ſcopes 85 1 proceed to the application of it to the ſmall 


glaſſes which I have been deſcribing. 


The lens PAP, (plate VIII. | fe. 4. )i 18 the 8 


jective, QB Q the ocular, and the ſtraight line 
E F the axis of the inftrument, in which | is ſeen, at 


a very great diſtance, through the inſtrument, the 
object E. e, under the angle E Ae, which repreſents 
the ſemi-diameter of the apparent field, for it ex- 


tends as far on the other ſide downward. The point 


E, then, is the centre of the {ace ſeen through the 
inſtrument, the radius of which, E A, as it paſſes 
perpendicularly through both lenſes, undergoes no 
refraction; and in order that this ray may have 8 

miſſion into the eye, the eye muſt be fixed ſome- 
where on the axis of the inſtrument B F, behind 
the ocular lens, ſo that the centre of the pupil 
ſhall be in the line B F; and this is a general 
rule for every ſpecies of teleſcope. Let us now 


conſider the viſible extremity of the object e, 


whoſe rays exactly fill the Fhole opening of the 
objective lens PAP; but it will be ſufficient to at- 5 
tend only to the ray E A, which paſſes through the 


centre of the objective A, as the others ſurround, 


and lite more than ſtrengthen, this ray; ſo that if it 
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Is ite into the eye, the others, or at leaſt a 


conſiderable part of them, find admiſſion likewiſe; 
and if this ray is not admitted into the eye, though, 
perhaps, ſome of the others may enter, they are too 


feeble to excite an impreſſion ſufficiently powerful. 


Hence, this may be laid down as a rule, that the ex- 


tremity e of the object is ſeen, only ſo far as the ray 


e A, after having paſſed through the two lenſes, i is 
admitted into the „ 


We muſt, therefore, carefully examine the direc- 


tion of this ray e A. Now, as it paſſes through the 
centre of the objective A, it undergoes no refrac- 
tion; conformgbly to the rule laid down from the 

: beginning, That rays paſſing through- the centre of 
any lens whatever are not diverted from their direc- 
tion, that is, undergo no refraction. This ray, e A, 
therefore, after having paſſed through the objective, 
would continue in The ſame direction, to meet the 
other rays iſſuing from the ſame point e, to the 


point f of the image repreſented by the objective 


at F y, the point F being the image of the point 
e of the object; but the ray meeting, at u, the con- 
cave lens, but not in it's centre, will be diverted : 
from that direction; and inſtead of terminating in f, 
will aſſume the direction n , more divergent from 
B F, it being the natural effect of concave lenſes to 
tender rays always more divergent. In order to 
aſcertain this new direction n u, you will pleaſe to 
: recollect that the objective lens repreſents the ob- 


ject F. e in an inverted poſition at F þ, ſo at. AE. 


15 
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is equal to the focal diſtance of this lens, which 


tranſports the object E e to F. Then this image 
F F occupies the place of the object, with reſpect to 
the ocular lens QB Q, which, in it's turn, tranſ- 


ports that image to G g, whoſe diſtance B G muſt 
be as great as that of the object itſelf; and for this 
effect, it is neceſſary to place the ocular lens in 


: ſuch a manner that the interval B F ſhall be Tint: 
to it's focal diſtance. 


As to the magnitude of theſe i images, the firſt F © 
is determined by the ſtraight line e A f drawn from 
e through the centre A of the firſt lens; and the 
other G g by the ſtraight line F B g, drawn from the 
point F through the centre B of the ſecond lens. 
This being laid down, the ray A m directed toward 
the point f is refracted, and proceeds in the direction 
mn; and this line mn being produced backward 
will paſs through the point g, form n has the ſame 
effect in the eye, as if it actually proceeded from 
the point g. Now, as this line 2 u retires farther 


and farther from the axis B F, where the centre of 
the pupil i is, it cannot enter into the eye, unleſs the 


opening of the pupil extends ſo far; and if the 
opening of the pupil were reduced to nothing, the 
ray m # would be excluded from the eye, Me” the 
Point e of the object could not be viſible, nor even 


any other point of the object out of the axis A F. 
There would, therefore, be no apparent field, and 


nothing would be ſeen, through ſuch an inſtrument, 
except te ſingle meint E of the object, which is in 
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it's axis. it! is evident, then, that a teleſcope of this 
fort diſcovers no field, but as far as the pupil ex- 
Pands, ſo that in proportion as the expanſion of the 
pupil is greater or leſs, ſo likewiſe the apparent 
field is great or ſmall. In this caſe, the point e will, 
therefore, be {till viſible to the eye, if the ſmall in- 
terval Bin does not exceed half the diameter of the 
eye, that the ray u may find admiſſion into it; but 
in this caſe, likewiſe, the eye muſt be brought a8 


cloſe as poſſible to the ocular lens: for as the ray = 


m n removes from the axis F B, it would eſcape the = 
pupil at a greater diſtance. e 
Nov it is eaſy to determine the apparent feld 
| which ſuch an inſtrument would diſcover on the 
ocular lens: you have only to take the interval B * 


equal to the ſemi- diameter of the pupil, and W 
draw through that point n, and the centre of the 


Bo objective lens A, the ſtraight line m Ae, then this 
line will mark on the object the extremity e, which 


5 will be ſtill viſible through the mſtrument, and the 


| angle E A e will give the ſemi- diameter of the p- 


parent field. Hence you will eaſily judge, that when- 
ever the diſtance of the lenſes AB exceeds ſome 
inches, the angle B A muſt become extremely 
ſmalf, as the line or the diſtance B in is bur about tlie 
twentieth part of an inch. Now if it were intended 
to magnify very much, the diſtance of the lenſes 
muſt become conſiderable, - and the conſequence 
would be, that the apparent field muſt become ex- 
tremely ſmall. The ſtructure of the human eye, 
8 then, : 
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Y then; ſets bounds to teleſcopes of this deſcription, 
and obliges us to have recourſe to others of a diffe- 


rent conſtruction, wienever WC want to produce 
very conſiderable effect. 


16755 February, 17862. 
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© PROCEED to the 45504 ſpecies of FOR REN 
E called aſtronomical, and remark that they conſiſt 
of only two lenſes, like thoſe of the firſt ſpecies ; with 
this difference, that in the conſtruction of aſtrono- 
mical teleſcopes, inſtead of: a concave ocular Jeri we 
employ a convex, 
The objective P A P 0 plate VIE. fe. 9. Ji is, as in 
the other ſpecies, convex, whoſe focus being at F, W 
fit, on the ſame axis, a ſmaller convex lens SY | 
in ſuch a manner that 1 it's focus ſhall likewiſe fall 
on the ſame point F. Then placing the eye at O, 
ſo that the diſtance BC O ſhall be nearly equal-to the 
focal diſtance of the ocular QQ, you will ſee objects 
diftintly, and magnified as many times as the focal 
diftance of the objective A F ſhall exceed that of 
the ocular BF: but it is to be remarked that every 
- otdect will appear in an inverted poſition, ſo that if 
Dd2 the 
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the inftrument were to be pointed toward a houſe, 
the roof would appear undermoſt, and the ground- 

floor uppermoſt. As this circumſtance would be 
aukward in viewing terreſtrial objects, which we 
never ſee in an inverted ſituation, the uſe of this 
ſpecies of teleſcopes is confined to the heavenly 


bodies, it being a matter of indifference i in what di- 


reQion they appear: it is ſufficient to the aſtronomer 
to know that what he ſees uppermoſt is really un- 
dermoſt, and reciprocally. Nothing, however, for- 
bids the application of ſuch teleſcopes to terreſtrial 
_ olyefts; the eye ſoon becomes accuſtomed to the 


0 inverted. poſition, provided the object TO ſeen diſ- i 


tinctly and very much magnified. - 
Having given this deſcription, . * fall 
to be demonſtrated : firſt, that by this arrangement 
ol the lenſes objects muſt appear diſtinctly; ſecond- 
px, that they muſt appear magnified as many times 
as the focal diſtance of the. objective lens exceeds 
that of the ocular, and i in an inverted poſition; and 


thirdly, that the eye muſt not be applied cloſe to 


the ocular lens, as in the firſt ſpecies, but muſt 
be removed to wy the focal diſtance of the 
5 ocular, 


© I As to the firſt, it 1s e e in ah fame ” 


manner as in the preceding caſe: the rays „P, 


. which are parallel before they enter into the 5 


_ objective lens, meet by refraction in the focus of this 
lens at F; the ocular lens muſt, of courſe, reſtore 


6 


quires 


the nnn of theſe rays, and  difun't viſion re- 


A GERMAN PRINCESS, 405 


quires that the rays, proceeding from every point, 
ſhould be nearly parallel to each other when they 


en er the eye. Now, the ocular lens, having it's 
foc us at F, is placed in ſuch a manner as to render 


the rays F M, F M, by the refraction, parallel, and 


conſequently the eye will receive the rays N 0s No, 
RY to each other. 


With reſpect to the ſecond article, let us con- 


Ger the object at Ee, ( plate VIII. fig. 10. ) but ſo 
as that the diſtance E A ſhall be almoſt infinite. 
Ihe mage of this object, repreſented by the objec- 
tive lens, "wall therefore be E, ſituated at the focal 
diſtance of that lens AF, and determined by the 
ſtraight line eA ＋. drawn through the centre of the 

lens. This image F, which is inverted, occupies 
the place of the object with reſpect to the ocular 
lens, and being in it's focus, the ſecond 1 image will 
be again removed to an infinite diſtance by the re- 
fraction of this lens, and will fall, for example, at 
Gg, the diſtance A G being conſidered as infinite, 
7 like that of AE. Now, i in order to determine the 
magnitude of this image, you have only to draw _ 
: through the centre B of the lens, and the extre- x 
mity f of the firſt image, the ſtraight line B 'd 


Now this ſecond image Gg being the immediate 


object of viſion to the perſon who looks through 
the teleſcope, it is evident at once that this repre- 
- ſentation is inverted ; and, as it is infinitely diſtant, 
will appear under an angle GBg. But the object Ru 
itſelf Ee wil appear to the naked eye under the 
: angle - 
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angle EA e: now you are ſenſible, without being 
reminded, chat it is. indifferent to take the points 
A and B, in order to have the viſual angles EA e 
and GB g, on account of the infinite diſtance of the 
object. You now ſee here, as in the preceding 
caſe, that the triangles FA and FB f may be con- 
ſidered as deuter ſectors, the line F/ meaſuring 
the arch of both, and the angles themſelves being 
ſo very ſmall, no ſenſible miſtake can be commit- 
ted in taking the chord for the arch. As, then, 
tte radii of theſe two ſectors are the lines A E and 
BF, the arches being equal to each other, it fol- 
lows, as was formerly demonſtrated, that the angles 
A for, which is the ſame thing, E Ae) and 
FBf (or, which 1 1s the ſame thing, GB g have the 
name proportion to each other that the radii BF 
and A F have. Therefore, the angle GB g, under : 
which the object i is ſeen through che teleſcope, as 
many times exceeds the angle E A e, under which 
the object i is ſeen by the naked eye, as the line A 
exceeds the line BF; which was the ſecond point 
td be demonſtrated. J am under the neceſlity of 
Ee To deferring the demonſtration of wy third propoſition 
= till next poſt. . 


a0 F February, 1 765. 
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LETTER XCIV. 


07 the apparent F. ield, and the Place of the Eye. 


"N fulfilling my engagement refining the third 
I particular propoſed, namely to determine the 
place of the eye behind the teleſcope, I remark that 
this article is moſt intimately connected with the 
apparent field, and that it is preciſely the field which 


— obliges us to keep the eye fixed at the proper « diſ- 


tance; for if it were to be brought cloſer, or re- 
1 moved farther off, we ſhould no longer diſcover ſo : 
large A field. 8 1 
The extent of the field hee an de of ſuch 

importance, indeed fo eſſential, in all teleſcopes, it 
muſt be of equal importance to determine exactly 


the place of the eye from which the largeſt field is e 


diſcoverable. If the eye were to be applied cloſe 
— the ocular lens, we ſhould have nearly the ſame 
— field as we have with the pocket: glaſs, which be- 


comes inſufferably ſmall, whenever the magnifying 
power IO conſiderable. 1 is, therefore, a vaſt ad- 


vantage to aſtronomical teleſcopes, that by with- 
drawing the eye from the ocular lens, the apparent 


| field increaſes to a certain extent: and it is _ ns 


1y this which renders ſuch teleſcopes ſuſceptible of | 
: prodigious magnifying powers, whereas thoſe of the 
” firſt roy are, in chis reſpect, extremely limited. 
7 RE | 7 7 ER You 
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You know that with the aſtronomical teleſcope, the 
magnifying power has been carried beyond two 
hundred times, which gives them an inconceivable 
ſuperiority over thoſe of the firſt ſpecies, which can 
ſcarcely magnify ten times; and the trifling incon- 
venience of the inverted poſition is infinitely over- 
balanced by an advantage ſo very great. . 
I will endeavour to put this important article in 
te cleareſt light poſſible. So 
1. The object Ee, ( plate VIII. fg. 11 ) being i in⸗ 
finitely diſtant, let e be its extremity, ſtill viſible 
through the teleſcope, whoſe lenſes are PAP and : 
QB Q fitted on the common axis E AB O, it 


extremity e of the object, through the centre A of 


other rays which fall from the point e on the ob- 

5 jeftive lens only accompany and ſtrengthen the ray 

in queſtion e A, which is the principal with _ a 

to Mien, 
2. Now this ray A. paſting trough ths centre 
5 of the lens PP, will undergo no reftaction, but will 


paſſing through the extremity of the i image Ff will 


to be obſerved, that if the ſize of the ocular lens 
had not extended fo far as the point m, this ray 
would never have reached the eye, and the point e 
would have been inviſible. — is to ſay, i it would 
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falls to be attentively conſidered what direction will ; 
be purſued by the ſingle ray which paſſes from ä 


the objective lens. You will recollect that the ” 


| Purſue its direction in the ſtraight line A fm, and 95 


fall on the ocular lens at the point m; and here it is 
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be neceſſary to take the extremity e nearer to the 
axis, in order that the ray Am wy meet the ocu- 
lar lens. 

3. Now this ray Am will be refracted by the o ocu- 
lar lens, in a way which it is very eaſy to diſcover. 
We have only to conſider the ſecond image Gg, 


though infinitely diſtant, it is ſufficient to know that 


the ſtraight line Bf produced will paſs through the 

extremity g of the ſecond image G g, which is the 
immediate object of viſion. Having remarked 

this, the refracted ray muſt aſſume the direction 7 O. Eo 


T and this produced paſſes through g. 


4 As, therefore, the two lines 0 n 4041 B fr meet 

55 at an infinite diſtance at g they may be conſidered : 
as parallel to each other ; and hence we acquire an 
eaſier method to determine the poſition of the re- 


Bu fracted ray u O: you have only to draw | It parallel to e 
| the line BZ 5 


5. Hence i it is ; clearly evident tha the ray 20 


5 will ſomewhere meet the axis of the teleſcope at O, 


and as uſually, when the magnifying power is great, 5 
the point F is much nearer to the lens Q Q than to 


| the lens P P, the diſtance B 2 will be ſomewhat 


: greater than the 1 image F : and as the line 10 is 


parallel to fl B, the line B O will be nearly equal to 


a that 1 is, to the focal diſtance of the ocular Ho 
lens. 5 
— 1, then, the eye is 1 at o, it will receive 
not only the rays which proceed from the middle 
el the object E, but thoſe likewiſe which Proceed Z 
from 
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from the extremity e, and, conſequently, thoſe alfo 
which proceed from every point of the object; the 
eye would even receive at once the rays BO and 
O, even ſuppoſing the pupil infinitely contracted, 
In this caſe, therefore, the apparent field does not 
depend on the largeneſs of the aperture of the pupil, 
provided the eye a placed at O, but the moment 
it recedes from this . It muſt loſe conſiderably 
in the apparent field. ” 
7. Ine point n were not in the extremity of the 
ocular lens, it would tranſmit rays ſtill more re- 
mote from the axis, and the teleſcope would, of 
courſe, diſcover a larger field. In order, then, to 
determine the real apparent field which the tele- : 
ſcope is capable of diſcovering, let there be drawn, 
from the centre A of the objective lens, to the ex 
5 tremity m of the ocular, the ſtraight line Am, 
Which, produced to the object, will mark at e the 
viſible extremity 3 and conſequently the angle E Ae, 
or, which is the ſame thing, the angle B A a, will 
- give the ſemi-diameter of rake apparent. field, which 
. conſequently, greater in nen as the extent 
of the ocular lens is greater. 
fy 5G, As, then, | in the firſt ſpecies of welaſcoipes, the 
apparent field depended ent tirely on the aperture of 
the pupil, and as in this caſe it depends entirely 
on the aperture of the ocular lens, there is an el- 
ſential difference between theſe two ſpecies of in- 
ſtruments, greatly in favour of the latter. The 


figure which I have employed in demonſtrating this 
laſt 


ä——U—ä — ——ͤ—ꝛ:̃ —„— —L- — 
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m article, reſpecting the place of the eye and the 
apparent field, may greatly aſſiſt 1 in the elucidation 


of the preceding articles. 


If you will be ſo good as to reflect, cars the 1 
lens tranſports the object Ee to F/. and 


that t the ocular lens tranſports it from F f to Gg; 


this image Ge being very diſtant from the Amme- 
diate object of viſion, ought to be ſeen diſtinctly, as 
a good eye requires a great diftance in order to ſee 


thus. This was the firſt article. 


As to the ſecond, it is evident at firſt light, that 
as inſtead of the real imig Ee we ſee through the 
teleſcope. the image Gg, it muſt. be inverted. 
Pinally, this image is ſeen by the eye placed at O 
Ander the angle 8 O g, or B On, whereas the ob- 8 
ject itſelf Ee appears to the naked eye under the 
angle EA e the teleſcope, therefore, 1 magnifies as 
many times as the angle BO is greater has the 
angle EAe. Now, as the line » O is parallel to 
By the angle BO is equal to the angle F Bf, 
and the angle EA e is equal to its oppolite and 
vertical angle FAf; hence the magnifying power 
muſt be eſtimated from the proportion between 
the angles FB f- and FAf; accordingly, as the 
angle F B f contains the angle FAFf as often as 
the line A F, that is the focal diſtance of the ob- 
jective lens, contains the line B F, that is the focal 
diſtance of the ocular, the magnifying power will bes 
therefore, expreſſed by the proportion of theſe two 
diſtances, "This is Proof ſufficient that the ele- 
ments 


{ 
' 
; 
| 
| 
1 
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ments of geometry may be ſucceſsfully employed in 
refearches of quite a different nature ; a reflection not 
unpleaſing to the mathematician. 


234 February, 1762. 


LETT ER XCV. 


Determination of the magnifying Power ＋ Aftrons- 
mical Teleſcopes, and the Conſtruction of a Tele- 


Ke, which ſhall magnify Objetts a given Number * 
Times. J. . 


N ou now bare i it clearly afcertained, not onl7 
1 how many times a propoſed inftrument will 
nngnily, but what 18 the mode of conſtructing a 
teleſcope which ſhall magnify as many times as 
may be wiſhed, In the firſt caſe, you have only to 
meaſure the focal diſtance of both lenſes, the objec- 
| tive as well as the ocular, in order to diſcover how 
much the one exceeds the other. This is performed 
- ov diviſion, and the . indicates the . 1 

ing power. . 

Having, then, a teleſcope * wat: Miner of 
whoſe objective lens is two feet, and that of the 
ocular one inch; it is only neceſſary to enquire 
how oſten one inch is contained in two feet. Every 

one knows that a foot contains twelve inches, to 
— feet, accordingly, contain twenty-four inches, Which 
are 
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are to 1 divided by one. But, whatever number 


we divide by one, the quotient is always equal to 


the dividend; if then it is aſked, how often one inch 


4s contained in twenty-four inches, the anſwer, with- 


out heſitation, is, twenty-four times ; conſequently, 
ſuch a teleſcope magnifies twenty-four times, that 


is, repreſents diſtant objects in the ſame manner as 
if they were twenty-four times greater than they 
really are; in other words, you would ſee them 
through ſuch teleſcope under an angle rwenty-four 


| times greater than by the naked eye. 


Let us ſuppoſe another aſtronomical telefcope, | 
the focal diftance of whoſe objective lens is thirty= - 
two feet, and that of the ocular three inches. You 
ſee at once that theſe two lenſes muſt be placed at 

the diſtance of thirty-two feet, and three inches from 
each other, for, in all aſtronomical teleſcopes, he 
diſtance of the lenſes muſt be equal to the ſum of the 

two focal diſtances, as has been already demonſtrated. 

Io0o find, then, how many times a teleſcope of the 

above deſcription magnifies, we muſt divide thirty - 

two feet by three inches, and, in order to this, re- 

duce theſe thirty-two feet into inches, by a 


| ing them by twelve. 


34 this produces 384 inches; a theſe again 5 


12 divided by three, the focal diſtance, in 


31384 384 inches, of the ocular lens, gives a quotient of 
128 128, which indicates that the propoſed te- 


leſcope magnifies 128 times; which mult be allowed 
to be very conſiderable. 


8 rt ns ug 


e On 1 


—— —— —— 


. = 
* >" CER 
— 4 


— - 
—_ 

S ” — — error + _ — = _ 

* ; - 2 — - _ - — 


— — — 
— 1 


> 
: 
u 
i 
' 
- > } 
l 
"I 
. 
: 
: - 
$.4 v 
N 
F | 
: * 
| 4 
9 N 1 
7 
- 
gt 
1% 
o 4 5 
I 
1 1 
1 
[ * 
; 
4 . 
CS + 1 
l * 
i . 
: . : 
: 7 : 
. 9 
. 
: 5 
7 16 
1 i 
1 
| 4 
= Hz l 
. b 
" = 
* 
19 
" : by 
: 
: . 
KR FF 
ws I 
1 
. 9 
FE ] 
. TT N 
1 14 
1 „ 
+I 
N 17 
„ i 
: b 
n 
It 
(T1 ! 
4&4] 
bi - 
ed | i 
1 
ft OY 
= LI 
f 
N | 
"MI 
þ x 
'T Q 4 
„ 
891 
e 
— Þ 2 
1 
P \ 
: - 
* 1 = 
" + 
* 
1. 
11 
* 
Fo 
11 
72 


a. __ 
2 
* 1 he Dow — * 
= b : * Wc ” 
&4 r — — — a 
4: g 1 Xa — 
- . —— 2 — ” 
5 Doh > p — 
p 1 yp —- © 
b P 
* 2 . - l 
— a \ 
2 R — 4 


- of * * Pd - 
A < — —„— 
— L 
— 4 


aq LETTERS TO 


Reciprocally, therefore, in order to conftruft 4 
teleſcope which ſhall magnify a given number of 
times, ſay 100, we muſt employ two convex lenſes, 
the focal diſtance of the one of which ſhall be 100 
times greater than that of the other; in this caſe the 
one will give the objective lens, and the other the 
ocular. T heſe muſt afterwards be fitted on the 
| fame axis, ſo that their diſtance ſhall be equal to the 
ſum of the two focal diftances ; that is, they muſt 
be fixed in a tube of this length, and then the eye 
being placed behind the ocular lens, at it's focal 
diſtance, will ſee objects magnified 100 times.. 
This arrangement may be varied without end, 
5 by aſſuming an ocular lens at pleaſure, and adapt- 


ing to it an objective, whoſe focal diſtance ſhall be 


- 100 times greater. Thus, ta taking an ocular lens of 


one inch focus, the objective muſt be of a e 8 


focus, and the diſtance of the lenſes 101 inches. 
. Or, taking an ocular of 2 inches focus, the objective 7 
muſt have: it's focus at the diſtance of 200 inches, Y 


and the diſtance of the lenſes will be 202 inches. If 


you were to take an ocular lens of 3 inches focus, L 
the focal diſtance of the objective muſt be 00-----: 
inches, and the diſtance of the lenſes from each other 


303 inches. And if you were to take an ocular 7 


lens of 4 inches focus, the objective muſt have a fo- 
cal diſtance of 400 inches, and the diſtance of the 


two lenſes 404 inches, and fo on, the inſtrument. al- 


ways increaſing in length. If, on the contrary, you 
were to aſſume an ocular lens of only half an inen 
5 focus 
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focus, the objective muſt have a focal kikaner of 
100 half inches, that is, of fifty inches, and the dif- 
tance between the lenſes would only be 50 inches 
and a half, which is little more than four feet. And 
if an ocular of a quarter of an inch focus were to be 
employed, the objective would require a focal diſ- 1 
tance of only 100 quarters of an inch, or 25 inches, ts [ 
and the diſtance between the two lenſes 25 inches Loo: 
and a quarter, that ts Httle more than two feet. ee 
_ © Here, then, are ſeveral methods of producing the I 
fame effect, that of magnifying 100 times; and if N 
every thing elſe were equal, we ſhould not heſitate | 

about giving the preference to the laft, as being the 
| ſhorteſt, for here the relefcope, being reduced to 
| litfle more than two feet; would be more manage- 5 
8 able than one much longer. . 
No one, then, would heſitate about 3 che 
ſhorteſt teleſcopes, provided all other circumſtances 
were the fame, and all the different ſpecies repre- 
ſented objects in the ſame degree of perfection. But, 
though they all poſſeſs the fame magnifying power,” 
the repreſentation 1 is by no means equally clear and 
diſtinct. That of two feet in length certainly mag- 
nifies 100 times, as well as the others ; but on look- 
ing through ſuch a teleſcope, objects will appear 
—— not only dark, but blunt and confuſed, which is un- 
doubtedly a very great defect. The laſt teleſcope a” 
but one, whoſe objective lens is 50 inches A 
leſs ſubſect to theſe defects but the dimneſs and con- 
: os are {till e and theſe defects di- 
miniſx 
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miniſn in proportion as we employ greater objective 
lenſes; and are reduced to almoſt nothing, on em- 
ploying an objective lens of 300 inches, with an ocu- 
lar of 3 inches focus. On increaſing theſe meaſure- 
ments, the repreſentation becomes ſtill clearer and 
more diſtinct; ſo that, in this reſpect, long tele 
ſcopes are preferable to ſhort, though otherwiſe leſs 
commodious. This circumſtance impoſes on me a 
new taſk, that of farther explaining- two very eſſen- 
tial articles in the theory of teleſcopes: the one re- 
ſpects the clearneſs, or degree of light in which ob- 
jects are ſeen: and the other the diſtinctneſs and ac- 
curacy of expreſſion with which they are repreſented. 
Without theſe two qualities, all magnifying power, 
however great, procures no advantage for the con- 
templation of objects. . 


1b F ae, I 762. 


L E T T E R xl. 
| Degree of chene. 


N order to fem a judgment of x the degree of 
clearneſs in which objects are repreſented | by the 
wleſeope, I ſhall recur to the ſame principles which 
I endeavoured to elucidate, in treating the ſame 
— with reference to the microſcope”. 
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And, firſt, it muſt be conſidered that, i in this re- 
ſearch, it is not propoſed to determine the degree of 
light reſident in objects themſelves, and which may 
be very different, not only in different bodies, as 
being in their nature more or leſs luminous, but in 
the ſame body, according as circumſtances vary. 
The ſame bodies, when uminated by the ſun, have 

N undoubtedly more light than when the ſky is over- 

_ caſt, and in the night their light is wholly extin- 
guiſhed; but different bodies illuminated may dif- 

fer greatly, in point of brightneſs, according as their 3 

colours are more or leſs lively. We are not enquir- 

ing, then, into that light or brightneſs which reſides 
in objects themſelves; but, be it ſtrong or faint, we 
ſay that a teleſcope repreſents the object in perfect 
dlearneſs, when it is ſeen through the inſtrument as 
clearly as by the naked eye; ſo that if the object be 
dim, we are not to expect that the teleſcope ſhould 
: repreſent it as clear. 


5 | Accordingly, i in reſpect of Ss a e is 
- perfect, when it repreſents the object as clearly as it 


appears to the naked eye. This takes place, as in 
the microſcope, when the whole opening of the pu- 


pil. is filled with the rays which proceed from « every ; 
point of the object, after being tranſmitted through 


the teleſcope. If a teleſcope furniſhes rays ſufficient | 
| to fill the whole opening of the pupil, no greater 
degree of clearneſs need be deſired ; and, ſuppoſing 
it could ſupply rays i in erer ren this would 5 
Vor. II. Ba ME „ 4 be 
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be entirely uſeleſs, as the ſame quantity preciſely, 
and no more, could find admiſſion into the eye. 
Here, then, attention muſt be paid chiefly to the 
aperture of the pupil, which, being variable, prevents 
our laying down a fixed rule, unleſs we regulate 
ourſelves. according to a certain given aperture, 
which is ſufficient, when the pupil, in a ſtate of the 
greateſt contraction, is filled with rays and, for this 
purpoſe, the diameter of the pupil is uſually ſup- 
poſed to be one line, twelve of which make an inch; 
we ſometimes ſatisfy ourſelves with even the half of 
this, allowing to the diameter of the pupil ny half 
A Fs and in ſome caſes ſtill leſs, ” 
If you will pleaſe to conſider, chat the light of the 


. font exceeds that of the1 moon 300,000 times, though 


even that of the moon is by no means inconſidera- 
dle, you will be ſenſible that a ſmall diminution in 


Point of clearneſs can be of no great conſequence in 
the contemplation of objects. Having premiſec 4 this, 
all that remains is to examine the rays which the 


teleſcope tranſmits into the eye, and to compare | 
them with the pupil ; and it will be ſufficient to 


ol the object Pate IX. fg. 1.) that, for e = 
8 which 1 is in the axis of the teleſcope. 5 
I. The object being infinitely diſtant, the rays 1 
which fall from it on the ſurface of the objective 
lens PAP are parallel to each other: all the rays, 
then, which come from the centre of the object, will 


= be contained within Oe lines L LE, LP, — to 


conſider the rays which proceed from a ſingle point 


. 
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the axis E A. All theſe rays taken together are de- 
nominated the faſcicle of rays which fall on the ob- 
jective lens, and the breadth of this faſcicle is equal 
to the extent or aperture of the objective lens, the 
diameter of which. is PAP. 3 
II. This faſcicle, or little bundle, of rays is changed, 
1 by the refraction of the objective lens, into a coni- 
cal or pointed figure P F. P, and having croſſed at 
the focus F, it Gras a new cone m F m, termintred 
by the ocular lens; hence it is evident that the baſis 
of this cone n m is as many times ſmaller than the 
breadth of the faſcicle PP, as the diſtance F B is 
ſhorter than the diſtance AF. 
III. Now theſe rays F m, F m, on paſſing bend . 
the ocular lens Q B Q, become again parallel _ 
each other, and form the faſcicle of rays uo, u * 
which enter into the eye, and there depict the 
image of the point of the object whence dry origi- 
- nally proceeded. 
IV. Fhe queſtion, then, reſolves itſelf | into the 
| breadth of this faſcicle of rays o, u % which enter 
into the eye; for if this breadth ꝝ N or 00 is equal __ 
or greater than, the opening of the pupil, it will be 
fled with them, and the eye will enjoy all poſſible : 
clearneſs ; that is, the object will ſeem as clear a 
if you were to look at it with the unaſſiſted 8 
V. But if this faſcicle  , or oo, were of much leſs 
= breadth than the diameter of the pupil, it is evident 
that the repreſentation muſt become ſo much more 
a obſcure; which would be a great defect in the tele 
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ſcope. In order to remedy it, the faſcicle muſt, 
therefore, be at leaſt half a line in breadth, and it 
would be ſtill better to have it a whole line 


in breadth, this being the uſual — of the 


pupil. T 
VI. It is evident that the breadth of this bend | 


© faſcicle has a certain relation to that of the firſt, which 
it is very eaſy to determine. You have only to 
ſettle how many times the diſtance N or min is leſs 
than the diſtance P P, which is the aperture of the 
- objective lens. But, the diſtance PP is in the ſame 
proportion to the diſtance m, as the diſtance AF 
to the diſtance B F, on which the magnifying power 
depends; accordingly, the magnifying power itſelf 
diſcovers how many times the faſcicle LP, LP, is 
broader than the faſcicle 1 0, n „ which enters into 
the eye. 5 
VII. Since, then, as breaded nn oro0 Dey be 
one line, at leaſt half a line, the aperture of the ob- 
jective lens PP muſt at leaſt contain as many half 
lines as the magnifying power indicates; thus, when 


the teleſcope i is to magnify 100- times, the aperture 


of its objective lens muſt have a diameter of 100 
half lines, or r 50 lines, which make 4 inches and 2 


: lines. EE 


- var You ſee, then, that, i in 8 to avoid ob- 
ſcurity, the aperture of the objective lens muſt be 
greater, in proportion as the magnifying power is 

greater. And, conſequently, if the objective lens 


— employed is is not ſuſceptible of ſuch an aperture, the 
teleſcope 


<< 
” Ry 
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teleſcope will be defective 1 in eget of clearneſs of 


repreſentation. 


Hence it is abundantly evident, that, in order to 


magnify very greatly, it is impoſſible to employ 


ſmall objectives, whoſe focal diſtance is too ſhort, 
as a lens formed by the arches of ſmall circles can- 


not have a great aperture, 5 


7 March, 1762. 
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Aperture f Ohedtive Lenjes, ; 


v 0 U 1 now ſeen that the magnifying power 
5 determines the ſize or extent of the objective 
lens, in order that odjects may appear with a ſuffi- 
cient degree of clearneſs. This determination re- 
ſpects only the ſize or aperture of the objective 
lens; howeyer the focal diſtance is affected by it 
| likewiſe, for the larger the lens 1 is, the e muſt 
be it's focal diſtane. 5 
Ihe reaſon of this is eyident, as in order to form | 
a lens whoſe focal diſtance is, for example, two 
inches, it's two ſurfaces muſt be arches of a circle 
| Whoſe radius is likewiſe about two inches: I have 
therefore repreſented (plate IX. Jig. 2 .) two lenſes 
P and 1 the arches of which are deſcribed with a 
E 3 radius . 
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radius of two inches. The lens P, being the thicker, 
18 much greater than lens Q; but I ſhall demon- 
ſtrate afterwards that thick lenſes are ſubject to 
other inconveniencies, and theſe ſo great as to oblige 
us to lay them altogether aſide, The lens Q. then, N 
will be found more adapted for uſe, being com- 
poſed of ſmaller arches of the ſame circle; and as 
It's focal diſtance 1s two inches, 1 ſt's extent or aper- 
ture n may ſcarcely exceed one inch. Hence 
this may be laid down as a general rule, that the 
focal diſtance of a lens muſt always be twice greater 
than the diameter of it's aperture m x ; that is, the 
aperture of a lens muſt, of neceſſity, be ſmaller than 
half the focal diſtance. e „„ 
Faving remarked, then, that in order to mag- ; 
nify 100 times, the aperture of the objective lens 
muſt exceed 4 inches, it follows, that the focal diſ- 
tance muſt exceed 8 inches; and I ſhall preſently 
demonſtrate that the double i is not ſufficient, and that 
the focal diſtance of this lens mult be increaſed be- 


yond 300 inches. The diſtinctneſs of the expreſ- : 
ſion of the image requires this great increaſe, as 


ſhall afterwards be ſhewn; I ſatisfy mylelt with re- 
15 marking at preſent, that with regard to the geome- 
trical figure of the lens, the aperture cannot be 
: greater Han half its focal diſtance. 
| Here, therefore, I ſhall go ſomewhat more 1 
the detail, reſpecting the opening of. the objective, 


Which every magnifying power requires: and I re- 
mark, firſt, that though a ſufficient degree of clear- 


neſs 
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neſs requires an opening of four inches, when the 
teleſcope 1 is to magnify 100 times, we ſatisfy our- 
ſelves, in aſtronomical inſtruments, with one of 
three inches, the diminution of clearneſs being 
ſcarcely perceptible. Hence artiſts have laid it down 
AS 4 rule, that, 1 in order to mag onify 100 times, the | 
opening of the objective lens muſt be three inches, 
and for other magnifying powers in that proportion. 
Thus in order to magnify 50 times, it is ſufficient 
that the opening of the objective lens be an inch and 

| a half; to magnify 25 times, three quarters of an 
inch ſuffice, and ſo of other powers. . 
Hence we ſee that for ſmall magnifying powers, « 
very ſmall opening of the objective lens is ſuffi- 
cient, and that, conſequently, a moderate focal diſ- 
tance may anſwer. But if you wiſhed to magnify 
200 times, the opening of the objective muſt be fix 


inches, or half a foot, which requires a very large = 


lens, whoſe focal diſtance muſt exceed even 1co feet, 
in order to obtain a diſtin&t and exact expreſſion, 
For this reaſon, great magnifying powers require 
very long teleſcopes, at leaſt, according to the uſual 
arrangement of lenſes which I have explained. But, 
for ſome time paſt, artiſts have been ſucceſsfully 


3 employing themſelves in dimiaiſhing this exceſflive 
length. The opening of the objective, however, 


muſt follow the rule laid down, as clearneſs neceſſa- 5 
rily depends on it. 3 3 
Mere you deſirous, therefore, of conſtructing 1 
: teleſcope which ſhould _— 409 times, the o pen- 
E e 4 
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ing of the objective lens muſt be twelve inches, or a 


foot, let the focal diſtance be rendered as ſmall as 


you will: and if you wiſhed to magnify 4,000 times, 


the opening of the objective muſt be ten feet, a very 
great ſize indeed, and too much fo for any artiſt to 
execute; and this is the principal reaſon, why we 

can never hope to carry the magnifying power ſo 
far, unleſs ſome great prince would be at the ex- 

penſe of providing and executing lenſes of ſuch 
magnitude ; and, after = Pepe they would not 
: ſucceed. 5 


A teleſcope, however, which ſhould magnify 


Fs 4,000 times, would diſcover many wonderful things 
in the heavens. The moon would appear 4,000 | 
times larger than to the naked e eye; in other words, we 
ſhould ſee her as if ſhewere 4,000 times nearer to us 
than ſhe is. Let us enquire, then, to what a degree 
| we might be able to diſtinguiſh the different bodies 
which the may contain, The diſtance of the moon 
from the earth is calculated to be $2,000 German 
mes; the 4,000th part of which is 13 miles: 
7 ſuch a teleſcope would, accordingly, ſhew us the 
| moon as if ſhe were only 13 miles diſtant; and, 
: conſequently, we ſhould be enabled to diſcover in 
her the ſame things which we diſtinguiſh in objects 
removed to the ſame diſtance. Nov, from the top 
of a mountain, we can eaſily diſcern other moun- 
f Fains more than 13 miles Altan. | There can be no 


* F or the proportion of theſe to meafurement in a Engliſh 


doubt, 
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doubt, then, that, with ſuch an inſtrument, we ſhould 
diſcover on the ſurface of the moon many things to 

fill us with ſurprize, But, in order to determine 
whether the moon is inhabited by creatures ſimilar 
to thoſe of the earth, a diſtance of 13 miles is ſtill 
too great; we muſt have, in order to this effect, a 
teleſcope which ſhould magnify ten times more, that 
is 40, ooo times, and this would require an objective 
lens of 100 feet aperture, an enterprize which hu- 
man art will never be able to execute. But, with 
ſuch an inſtrument, we ſhould ſee the moon as if 
ſhe were no farther diſtant than from Berlin to 
Spandau, and good eyes might eaſily diſcern men at 
-_ this diſtance, if .any there were, but too indiſtincthy, 
it muſt be allowed, to be completely aſſured of the 
; fact. 
1 we muſt reſt ſatisfied with wiſhing, on this fub- 
jet, mine ſhould be to have at once a teleſcope 85 
Which ſhould magnify 100,000 times “; the moon 
would then appear as if ſhe were only half a mile 
diſtant, The aperture of the objective lens of this 
1 5 teleſcope muſt be 2 50 feet, and we ſhould ſee, at 
leut, the larger animals which * be 1 in the 
: moon. 1 


655 March, 165. 


* Dr. Herſchel's | teleſcopes actually magnify 6,500 times. 
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LETTER XCVIII. 


Diftintineſs in the Expreſſion : On the Space ” 
Mw fon occafioned by the Aperture of Objective 
Lenſes, and confidered as the firſt Source 5 Want of 
N in the 4 preſentation, . | 


\ISTINCTNESS of expreſſion i is a ele, 
of ſo much 1 importance in the conſtruction of 
. that it ſeems to take precedence „ 
the others which I have been endeavouring to ex- 
Phan: for it muſt be allowed, that a teleſcope which 
does not repreſent diſtinctly the images of objects 
muſt be very defective. I muſt, therefore, unfold _ 
the reaſons of this want of diſtinctneſs, that we may 
app more fucceſsfully to the means of remedy- 1 
ing it. 
They appear ſo much he + more = ables; that the 
principles hitherto laid down do not diſcover the : 
ſource: in fact, this defect 1 1s thus to be accounted - 
fer, one of the principles on which I have hitherto 
| proceeded i is not ſtrictiy true, though not far from - 
the truth. 3 
You will recollect that it hes en laid down as 
'A , principle, that a convex lens collects into one 
point of the 1 image all the rays which come from 
one point of Fg object. Were this ſtrictly true, 
images repreſented by lenſes would be as diſtinctly 
Le. 
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expreſſed as the object itſelf, and we. ſhould be 
under no apprehenſion of defect in regard to this. 
Here, then, lies the defectiveneſs of this princi- 
ple ; lenſes have the property now aſcribed to them 


only around their centre; the rays which paſs 
through the extremities of a lens collect in a diffe- 


rent point from thoſe which paſs toward the centre, . 


though all proceed from the ſame point of the ob. 
ject; hence are produced two different images, which 
occaſion indiſtinctneſs. 5 
In order to ſet this in the cleareſt light, let us con- 
ſider the convex lens PP, (plate IX. Sg. 3. y on the 
axis of which 1s placed the object E e, of which the 
point E, ſituated upon the axis, emits the rays EN, 
EM, EA, E M, EN, to the ſurface of the lens, 
| To the direction of theſe rays, as changed by refrac- 
tion, we muſt now pay attention. 


I. The ray EA, which paſſes through the centre ” 


: A of the lens, undergoes no refraction, but proceeds 
forward | in the fame direftion, on the ftraight line 
ABF. ” 
N The rays E M ad E M, n are 1550 t to 
the firſt, undergo a ſmall refraction, by which they 2 


will meet with the axis ſome where at F. which | . 


| the place of the image F F. as has been exphined 
in ſome of my preceding letters on this ſubject. 
III. Therays E N and E N, which are more re- 


mote from the axis E A, and wh ich paſs toward the 


extremities NN of the lens, undergo a refraction 


- ſomewhat differ ent, which coll ects them, not = ce 


point 
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point F, but at another point G nearer the lens, and 


theſe rays repreſent another image G 85 different 


from the firſt F. 
IV. Let us now carefully attend to this particu- 


tar circumſtance, not hitherto remarked ; it is this, 8 
that the rays paſſing through the lens, toward it's 

| extremities, repreſent another i image G g, than what 

is» repreſented by Hole og near the centre 


MAM. 
1 © If the rays E. N, E N, were to retire ſtill far- 


ther from the centre A, and to paſs through the 
points PP of the lens, their point of re- union would 
be ſtill nearer to the lens, and would form a new 
image, nearer than even G 2 


VI. Hence you vil eafly perceive, that the firſt 


image F f, which 4s named the principal image, is 
formed only by the rays which are almoſt infinitely 
near the centre; and that according as the rays re 
irre from it, toward the extremities of the lens, a par- 
tiiccular | image is formed nearer the lens, till thoſe 
1 paſſing cloſe to the extremities form the laſt, G g. 


VII. All the rays, therefore, which paſs through : 


the lens PP repreſent an infinity of images diſ- 
8 poſed between F/ and G g; and at every diſtance | 
| from the axis the refraction of the lens produces a 
particular i image, fo that the whole ſpace between 
F and G is filled with a ſeries of i images, 


VIII. This feries of! images is accordingly deno- 


minated the diffuſion of the image; and when all | 
theſe rays afterwards enter into any eye, it is natural 


that 
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that the viſion ſhould be ſo much diſturbed, as the 
ſpace F G, through which the image is diffuſed, is 
more conſiderable. If this ſpace F 'G could be re- 
duced to nothing, no confuſion or indiſtinctneſs 
need to be apprehended, | e 
IX. The greater portions of their reſpective cir- 
cles that the arches PAP and PBP ate, the 
greater likewiſe is F G the ſpace of diffuſion. You 
ſee a good reaſon, then, for rejecting all lenſes of too 
great thickneſs, or in which the arches which form 


the ſurfaces of the lens are conſiderable ſegments of 


their circles; (as in plate I. fig. 4.) of which the 
arches PAP and PB are the fourth part of the 
| whole circumference, ſo that each contains 90 de- 
grees; this would, conſequently, produce: an inſut- 
ferable confuſion. 
X. The arches, then, which form the ſurfaces of 
© lens, muſt contain much leſs than 90 degrees: iE 
they contained ſo much as 60, the uten of the 
image would even then be inſupportable. Authors 
who have treated the ſubject, admit of 30 de- 
grees at moſt : and ſome fix the boundary at 20 de- 
-: grees. A lens of this laſt deſcription is repreſented 
by. Vg. 5. of plate LX. in which the arches PAP 
and PB P contain only 20 degrees, each being but 
the eighteenth part of the whole circumference of 
its n circle. : 
Xl. But if this lens were to ſupply the place of 
5 the objective in a teleſcope, the arches PAP and 
-PBP muſt contain ſtill many degrees leſs. For, 
though 
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dunk the diffuſion of the image be perceptible of 
itſelf, the magnifying power multiplies it as many 
times as the object 1s. Therefore, the greater the 
magnifying power propoſed, the fewer muſt be 
the number of degrees, which the ſurfaces of the 
lens contain. 

XII. When the teleſcope is interned to magnify 
100 times, you will recollect, that the aperture of 
the objective lens muſt be 3 inches, and it's focal 
diſtance 360 inches, which is equal to the radii 
with which the two arches PAP and PBP are 
deſcribed; hence it follows that each of theſe two 

arches contains but half a degree; and it is diſ- 
tinctneſs of expreſſion. which requires an arch ſo 
ſmall. If it were intended to magnify 200 times, 
half a degree would be ſtill too much, and the mea- 
fure of the arch, in that caſe, ought not to exceed 
the third part of a degree. N This arch, however, 
muſt receive an extent of 6 inches; the radius of 
tte circle muſt, therefore, be fo much greater, and 
. conſequently, alſo the focal diſtance, This is the 


true reaſon why great magnifying n require 
ee of ſuch conſiderable 0: 


I March, 1762. - 


LETTER 


A GERMAN PRINCESS. 431. 


LETTER XCIX. 


Diminution of the Aperture of Lenſes, and other Means 5 
of te HNening the $ pace of Difaf jon, till it is reduced ts 
nothing. | | 


TH EN the 1 of an objective ens! is too 
great to admit of diſtinctneſs of expreſſion, 
it may be very eaſily remedied: you have only to 
cover the lens with a circle of paſteboard, leaving 
an opening in the centre, ſo that the lens may tranſ⸗ 
mit no other rays, but thoſe which fall upon it 
| through the opening, and that thoſe which before 
1 8 paſſed I through the extremities of the lens 1 may | be ex- 

cluded; for as no rays are tranſmitted but through the 
middle of the lens, the ſmaller the opening is, the 
| ſmaller likewiſe will be the ſpace of diffuſion. | Ac- 
= cordingly, by a gradual diminution of the opening, 
the ſpace of diffuſion may be reduced at pleaſure. - 
Here the caſe i is the ſame as if the lens were no 
larger than the opening in the paſteboard, thus the 
covered part becomes uſeleſs, and the opening de- 
termines the ſize of the lens; this then is the remedy 
employed, to give objective lenſes any g given extent. 
PP is the objective lens (plate IX. fig. 6.) be- 
fore which! is placed the paſteboard NN, having 
the opening M M, which is now the extent of the 
ny This opening N M1 13 here nearly the half of 
7 * 2 What 
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what it would be, were the paſteboard removed] 
the ſpace of diffuſion is, therefore, much ſmaller, 
It is remarked, that the ſpace of diffuſion, in this 
caſe, is only the fourth part of what it was before. 
An opening M M, reduced to a third of P P, would 
render the ſpace of diffuſion nine times leſs. Thus 
the effect of this remedy is very conſiderable; and 
on covering the extremities of the lens ever ſo little, 
the effect of it becomes perceptible. . 1 85 

If, therefore, a teleſcope labours under this defect, 5 
that i it does not repreſent objects ſufficiently diſtin, 
as a ſeries of 1 images blended together muſt of ne- 
ceſſity produce confaſion, you have only to contract 

the aperture of the objective lens by a covering ol 

paſteboard ſuch as I have deſcribed, and this confu- 

ſion will infallibly diſappear. | But a defect equally | 
embarraſſing is the conſequence, the degree of 
brightneſs is diminiſhed. You will recollect that 

every degree of the magnifying power requires a 

certain aperture of the objective lens, that as many Y 

rays may be tranſmitted as are neceſſary to procure 

a ſufficient illumination. It is vexatious, therefore, 
in curing one defect, to fall into another; and in 

order to the conſtruction of a very good teleſcope, 

it is abſolutely neceſſary that there ſhould be ſuffi- 
cient brightneſs of illumination, without injuring 

diſtinctneſs in the repreſentation.  @ 

Zut can there be no method of ITE Tg nay 
of totally reducing, the ſpace of diffuſion of objec- 
tive lenſes, without diminiſhing the — ? This 

ts 
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is the great enquiry which has for ſome time paſt 
engaged the attention of the ingenious, and the ſo- 
lution of which promiſes ſuch a field of diſcovery in 
the ſcience of dioptrics. I ſhall have the honour, 
at leaſt, of laying before you, the means which 
ſcientific men have ſuggeſted for this purpoſe. _ 
As the focus of the rays which paſs through the 
middle of a convex lens is more diſtant from the 
lens, than the focus of the rays which paſs through 
the extremities, it has been remarked that concave 
jenſes produce : a contrary effect. This has ſuggeſt- 
ed the enquiry, whether it might not be poſſible to 
combine a convex with a concave lens in fuch a 
manner, that the ſpace of diffuſion ſhould be en- 
tirely annihilated ; while, in other reſpects, this 
compound lens ſhould produce the ſame effect as an 
ordinary ſimple objective? You know that concave 
_ tenſes are meaſured by their focal diſtance as well 
as thoſe which are convex ; with this difference, that 
the focus of the concave is only imaginary, and falls 
before the lens, whereas the focus of convex lenſes i 18 
real, and falls behind them. Having made this re- 
| mark, we reaſon as follows: | 
l Fw place (plate IX: . 7. J behind a con- 
vex lens PA P, a concave one QB Q of the ſame 
focal diſtance, the rays which the convex lens would 
collect in its focus will be refracted by the concave, 
fo that they will again become parallel to each 
other, as they were before geln through the con- 
vex lens. 
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II. In this cafe, therefore, the concave lens de- 
Go the effect of the convex, and it is the ſame 
thing as if the rays had proceeded in their natural 
direction, without undergoing any refraction. For 

the concave lens having it's focus at the ſame point 
F, reſtores the paralleliſm of the rays, which would 
ocherwiſe have met at the point F. 
111. If the focal diſtance of the concave Jens 
verre ſmaller than that of the convex, it would pro- . 
duce a greater effect, and would render the rays 
divergent, as in Fg. 8. of plate IX: the incident pa- 
rallel rays LM, EA, LM, paſſing through the 
two lenſes, would aſſume the directions NO, B F, 
NO, which are divergent from each other. Theſe : 
two lenſes together Prbdber therefore, the ſame 


effect as a ſimple concave lens, which would i impreſs 


on the incident parallel rays the ſame divergence. : 
Io ſuch lenſes joined together, of which the con- 
cave has a ſmaller focal diſtance than the con- 
vex, are, thereſore, equivalene to a ſimple concave 
8 
IV. But if the concave _— Q plate IX. - fr. 
9. 5 has a greater foc cal diſtance than the convex lens 
P. P, it is not even ſuſfcic ent to render parallel to 


cach other the rays hie > the convex lens by itſelf 


would collect in it 8. focus F: theſe rays, therefore, 


continue convergent, but their convergence will be 


diminiſhed by the concave lens, ſo that the rays, in- 
ſtead of meeting in the point F, will meet in the 
more diſtant Point O. 55 

1 v. The 
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V. Theſe two lenſes joined together will produce, 
then, the ſame effect, as a imple convex lens which 
ſhould have it's focus at O, as it would collect the 
par alle] rays L M, EA, LM, equally in the ſame 
point. Ir is, therefore, evident that. two lenſes 
may be combined an infinite variety of ways, the 
one being convex and the other concave, ſo that 
their combination ſhall be equivalent to a given 
convex lens. 
VI. Such a double objective lens may, therefore, - 
be employed in the conſtruction of teleſcopes, in- 
ſtead of the ſimple to which 1 it is equivalent; and 
the effect, as to the magnifying power, will be juſt 
the ſame. But, the ſpace of diffuſion will be quite 
different, and it may happen to be greater or leſs 
than that of a fimple objective, and in this laſt caſe, 
the double objective will be greatly preferable. to the 
ſimple. = 
VII. But farther, i it has "TOY found poffible to f 
arrange two ſuch lenſes ſo that the ſpace of diffu- 8 
fion is reduced abſolutely to nothing, which is, un- 
doubtedly, the greateſt advantage poſſible in the 
conſtruction of teleſcopes. Calculation enables us 
= determine this arrangement, but no artiſt has 
hitherto been found capable of reducing it to 
practice. 


1% March, 1762. 
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LETTER C. 
Of Compound md ot Lenſes. 


HE combination of two lenſes, of which I 


* t is evident, firſt, that the repreſentation of ob- 


Le, jects muſt be much more diſtinct, and more exactly 1 
expreſſed, as viſion is not diſturbed by the apparition | 
of that ſeries of images which occupy the ſpace of 

diffuſion, when the objective 15 ſimple. TT 


Again, as this ſpace of diffuſion is the only rea- 


fon which obliges us to give to ſimple objectives 
ſuch an exceſlive focal diſtance, in order to render 

the inconvenience reſulting from it imperceptible ; 5; 

by employing compound objectives we are relieved 

ftom that cumberſome expedient, and are enabled 
to conſtruct teleſcopes incomparably ſhorter, yet. 
3 the ſame magnifying power. ” 


When, employi ing a ſingle objective, you want to T 
R 8 ' magnify. 


4 have now given the idea, is denominated 1 
compound objective: the end propoſed from them 
is, that all the rays, as well thoſe which paſs through : 

the extremities of a lens, as thoſe which paſs through 

the middle, ſhould be collected in a ſingle point, Th 
that only one image may be formed, without diffu- 
ſion, as in ſimple objectives. Could artiſts ſucceed 
in effecting ſuch a conſtruction, very great advan- 

tages would reſult from it, as you ſhall ſce. 


” 
- 
— — 
>, 
— os 
— 3 
2 


— nm N — 
— — - — 
— N _ — - - — 
= - _ " 2 » 
. * — OY > 
. * — * 
— 2 
*, * - " 's 
: * — * W * 
7 I” p N . - 7 i + 
., To. "CT = 3 8 8 0 AE MC. MM 46 1 E PP, IT Fer: 


A GERMAN PRINCESS. 4.37 


magnify a hundred times, the focal diſtance cannot 
be leſs than thirty feet, and the length of the tele- 
fcope becomes ſtill greater on account of the ocular 
Jens, whoſe focal diſtance muſt be added ; a ſmall 
objective would produce, from it's greater ſpace of 
diffuſion, an intolerable confuſion. But, a length of 
thirty feet is not only very incommodious, but ar- 
_ fiſts ſeldom ſucceed in forming lenſes of ſo great 
a focal diſtance. You will readily perceive the 
reaſon of this: for the radius of the ſurfaces of ſuch 
a lens muſt likewiſe be thirty feet, and it is very 855 
difficult to deſeribe exactly ſo great a circle, and 
the lighteſt aberration renders 3 the labour uſe- 
dell. . 
Accidents of this fort are not to be apprehended 1 
in the conſtruction of compound objective lenſes, 
which may be formed of ſmaller circles, provided 
they are ſuſceptible of the aperture which the mag- 
nifying power requires. Thus, in order to mag- 
nify one hundred times, we have ſeen that the aper- 
ture of the objective lens muſt be three inches; but 
it would be eaſy to conſtruct a compound objec- 
tive whoſe focal diſtance ſhould be only one hun- 
dred inches, and which could admit an aperture of 
mwore than three inches: therefore, as the focal diſ- . 
tance of the ocular muſt be one hundred times 
ſmaller, it would be one inch; and the interval be- 
_ Tween the lenſes being the fum of their focal dif- 
tances, che length of the teleſcope would be only 
25 * e one 
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one hundred and one inches, or eight feet five 

inches, which is far ſhort of thirty feet. 

Blut it appears to me, that a compound objec- 

tive, whoſe focal diſtance ſhould be fifty inches, 

might eaſily admit an aperture of three inches, and 

even more : taking, then, an ocular of half an inch 

focus, you will obtain the ſame magnifying power 
of one hundred times, and the length of the tele- 

: ; ſcope will be reduced one half, that is to four feet 


and leſs than three inches. Such a teleſcope, then, 


would produce the ſame effect as a common one of 
thirty feet, which is afluredly carrying it as far as. 
need to be wiſhed, 


If ſuch a compound objeftive could be made to - a 


anſwer, you would only have to double all theſe 
meaſurements in order to have one which ſhould 
admit an aperture of ſix inches, and this might be 


employed to magnify two hundred times, making 1 85 


uůſe of an ocular of half an inch focus, as the two 
| hundredth part of the focal diſtance of the objec- 
| tive, which woulc in this caſe, be one hundred 


inches. Now, a common teleſcope which ſhould | 


magnify two hundred times, muſt exceed one hun- 


d xxed feet in length; whereas this one, which 1 18 con- . 
fſtructed with a compound objective, is reduced to 


about eight feet, and is perfectly accommodated 
to uſe, whereas a teleſcope of one hundred feet 
long would be an | unwieldy and almoſt uſeleſs EM 


Tha 
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The ſubject might be carried ſtill much farther, 


and by again doubling the meaſurements, we might 


have a compound objective whoſe focal diſtance 


ſhould be two hundred inches, or ſixteen feet eight, 
inches, which ſhould admit of an aperture of twelye 


inches or one foot: taking, then, an ocular of half 


an inch focus, as two handred inches contain four 
hundred half inches, we ſhould have a teleſcope „ 
5 pable of magnifying four hundred times, and | 


abundantly manageable, being under ſeventeen feet; 


whereas were we to attempt to produce the fame 
magnifying power with a ſimple objective lens, 
the length of the teleſcope muſt exceed three hun- 1 
dred feet, and conſequently could be of no man- 


ner of uſe, on account of that enormous ſize. 


They have at Paris a teleſcope one hundred and en 
twenty feet long, and one at London of one Ni 
dred and thirty feet; but the dreadful trouble of 
mounting, and pointing them to the object, almoſt 
ee the advantages expected from them. 
From this you will conclude of what importance * 
Vould be to ſucceed in the conſtruction of the 


1 compound lenſes which 1 have been deſcribing. 


I ſuggeſted the firſt idea of them ſeveral years 
ago, and ſince chen, artiſts of the greateſt ability 
in England and France have been attempting 
to execute them. Repeated efforts, and ſingular 
ſkill, in the artiſt, are undoubtediy requiſite. In- 
deed I have made, with the aſſiſtance of an e 

F TOY mecha- 1 


- 1 
— 
3 3 we 
% 
— CE 0 I 
—_ ates. 
— 


_ * 
7 . 
* — ** 6—— = 5 o I 5 
* . — ” « 4 
wad — as + =- 4 — — —— — — - 
a p ; = _ — a his ts th — — — - — — 
. 9 * 1 - _ 4 0 af D ” —— * 
—_— 4 — - 
4 
— — 
— — 4 = $8 * 
— = — — * - 
8 hes — — — — --- * = 
- . * IF. * 9 — 
— ——— 2 — 1 1 1 "I 
— 4 8 * 
* . * — = _ _ \ 
+ .. — * . — 1 ws 
, 2331 TUE ep . 2 5 — * 
4 = — = — 5 * 4 > C 


—— 


_— 


— 
* 
Ws ls a — - 
Vo . — 
- 
4 - 
1 , * : * Aa q - =p _ _ —_ 8 k _ 
*. 2 0 2 * : R ; by 2 N — — - 
1 p 4 q — — * : 
* * CT : = as. = — : 3 * 7 
- 2 . * 95 9 2 7 2 * * 4 WW. L 2 if n 
8 f 7 . 4 i A > * A — —— wr” a 
- CO * 2 - a 8 r r n - 1 n . . 4 20% vo 


88 . 


lj x 440 LETTERS To 
iy | 


mechanician of our Academy, ſome not unfuc- 

Il ceſsful attempts, but the expence attending fuch 

1 an enterprize has obliged me to give it up. _ 

4 But the Royal Society of London laſt year an- 
| nounced, that an eminent artiſt, of the name of 
Dollond, had fortunately ſucceeded; and his te- 
leſcopes are now univerſally admired. An able 
artiſt of Paris, named Paſſament, boaſts of a 
ſimilar ſucceſs. - Both theſe gentlemen did me 
the honour, ſome time ago, to correſpond with 
me on the ſubject; but as the point in queſtion 

was chiefly, how to ſurmount certain great difh- 
culties in the practical part, which I never at- 
tempted, it is but fair that I ſhould relinquiſh to 
them the honour of the diſcovery. The theory 
alone is my province, and it has coſt me much 

profound reſearch, and many painful calculations, 
the very ſight of which would terrify you. I ſhall, 


therefore, take care not to 0 perplex you farther with 
this abſtruſe enquiry. 


SY 36h March, 1762. - 
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LETTER CI. 
"Ow F098 Odjeftive Lenſes. 


N order to give you ſome idea of the reſearches 
which led me to the conſtruction of compound 


en lenſes, I muſt begin with the formation of 
the ſimple lens. 


255 Obſerve, t, that the two fü bien of a lens e 
may be formed in an infinity of different ways, by 
taking circles, of which the ſurfaces are ſegments, 


either equal, or unequal | to each other, the focal ; 


: diſtance, however, remaining always the ſame. 


The fame figure is uſually given to both ſur- 
faces of a lens, or, as the ſurfaces of a lens are re- 
preſented by arches of a circle, both ſurfaces are 


formed with radii equal to each other. Facility 8 


of execution has, undoubtedly, recommended this 


5 figure, as the ſame baſon ſerves to form both ſur-⸗ 5 


faces, and moſt artiſts are : provided with but few 
baſons. . „„ 5 
Suppoſe, then, a convex lens, both whoſe ſur- = 
7: faces are poliſhed on the ſame baſon, one of twenty- 
four inches radius, ſo that each ſurface ſhall be an 
arch of the circle whoſe radius is twenty-four 
inebes; this lens will be convex on both he and 
will 
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will keve' it's focal diſtance at twenty-four inches, ac- 
cording to the common calculation ; but as the 
focus depends on the refraction, and as the refrac- 
tion is not abſolutely the ſame in every ſpecies of 
olaſs, in which we find a very conſiderable di- 
verſity, according as the glaſs is more or leſs 
white and hard, this calculation of the focus is- not 
ſtrictly accurate; and uſually the focal diſtance of 
the lens is ſomewhat leſs than the radius of it's x 
two ſurfaces, ſometimes the tenth part, ſometimes 

the twelfth; accordingly, the lens ſuppoſed, the ra- 
dius of whoſe ſurfaces is twenty-four inches, will 
have it's focus at the diſtance of about twenty 
two inches, if it is formed of the ſame ſpecies of 
glaſs of which mirrors are commonly manu- 
factured: though. even in glaſs of this ſort -we 

meet with a ſmall. at verfiry in respect of refrac- . 
tion. . . a | 
Me ſee after v ards that on making the two FIR 

| faces of the lens unequal, an infinity of other lenſes 

may be formed, which ſhall all have the ſame fo- 

cal diſtance ; for on taking the radius of one of the 
| ſurfaces leſs than twenty - -ſfour in ches, that of the 


other ſurface muſt be tak en greater in Proportion, : 


according to a certain rule. The radius of one of _ 

the furfaces may os avs be taken at pleaſure; and 

by means of a certain rule, the radius of the other 

may be found, 1 in order that the focal diſtance may 

become the ſame as if each ſurface had been formed 
1 ON: 
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on a radius of twenty-four inches. The following 


table exhibits ſeveral ſuch lenſes, which have all the 


fame focal diſtance. 


| Radii of the firſt Radi of the l 
Lenſes. . Surface. "1 Surface. 
- II EH 1. 00- 
III. . 20 | 30 | 
i Eo 
T: 1 NE | I 48 | 
WL 14 bo 
om 1 4 1 
VIII. Vw 
To BL N infigity, | 


In the laſt ſormz the radius of one ſurface i is only ” 

; 12 inches, or the half of 24 inches, but that of the 
| other becomes infinite; or rather, this ſurface is an 
arch ofa circle infinitely great; and as ſuch an arch _ 

differs nothing from a ſtraight line, this may be 
conſidered as a plane ſurface, and ſuch | a lens is : 


plano- CONVEX. | 


Were we to aſſume the radius 1 A 8 ſtill 
gugler than 12 inches, the other ſurface muſt be . 
made concave, and the lens will become convexo- 1 85 
Concave; it will, in that caſe, bear the name of me- 
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niſcus, ſeveral figures of which are preſented | in che 
following table. 


Radius of the Con- Radius of the Con- 


55 Meniſcus. vex Surface. cave Surface. 
V 
e 1 60 
ß 
þ 8 24 
XIV. 8 * 
AY. 4 | * 
„„ 3 


: Here, then, 1 is a new | ſpecies & lenſes, hs laſt of 
which, | 1s repreſented in fig. 11 of plate IX. ſo that 

we have now 16 different ſpecies, which have all 
the ſame focal diſtance; and this is about 22 inches, 


ER little more or leſs, according to the nature of. the | 


5 glaſs. 


When, cherefore, the only queſtion is, What | 


focal diſtance the lens ought to have? it is a matter 


of indifference according to which of theſe forms 
you go to work: but chere may be a very great dif. 
8 e in the ſpace of diffuſion, to which each 

ſpecies is ſubjected, this ſpace becoming ſmaller in 

1ome than in others. When a ſimple objective lens 
is to be employed, as is uſually done, it is by no 
= means indifferent of what figure you aſſume it, for 


7 
1 
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that which produces the ſmalleſt ſpace of diffuſion is 
to be preferred. Now, this excellent property does 
not belong to the firſt ſpecies, where the two ſur- 
faces are equal; but nearly to ſpecies VII. which 
poſſeſſes the quality, that when you turn toward the 
object it's more convex ſurface, or that whoſe ra- 
dius is ſmalleſt, the ſpace of diffuſion is found to be 
about one half leſs, than when the lens ts equally 
_ convex on both ſides: this, therefore, i is the moſt 
advantageous figure for ſimple objective lenſes, 
and prafttioners are accordingly agreed | in the uſe 


"Te is evident, then, that! in © to erin the . 


| ſpace of diffuſion of a lens, it is not ſufficient to 
know it's focal diſtance, it's ſpecies likewiſe muſt 
be determined, that is, the radii of each ſurface, and 
you muſt carefully diſtinguiſh | which de 1 is turned 
to the object. 3 
Atſter this explanation, pleaſe to remark, that! iy 
2; order to diſcover. the combination of two lenſcs 
which ſhall produce no diffuſion of 1 image, it is ab 
ſolutely neceſſary to take into the account the 
figure of both ſurfaces of each glaſs, and to reſolve : 
the following problem, What muſt be the radii of the 
ſurfaces of two lenſes, in order to reduce to nothing the 5 
pace of diffuſion ? The ſolution requires the moſt : 
profound reſearches of the moſt ſublime geometry; 
and ſuppoſing theſe to have been ſucceſsful, the 
artiſt has, after all, many di ficulties to ſurmount. 


The baſons muſt have preciſely that curve Which 
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the calculation indicates; nor is that ſufficient, for in 
the operation of forming the lens on the baſon, the 
baſon ſuffers from the Fiion i in it's turn; hence it 
becomes neceſſary to rectify it's figure from time to 
time, with all poſſible accuracy, for if all theſe pre- 
_ cautions are not ſtrictly obſerved, it is impoſſible to 
_ enſure ſucceſs; and it is no eaſy matter to prevent the 
lens from aſſuming a figure ſomewhat different from 
that of the baſon in which it is moulded. You muſt 
be ſenſible, from all this, how difficult it muſt be to 
carry to perfection this! important : article in dioptries. 


20th March, W 


Second Source of Defef, 45 to Diftintineſs of Repre- 4 


ſentation by the T, eleſcope.. e 3 =O 


bd . 


| "O U have now ſeen i in wha minner it may ” 
be poſſible to remedy that defect in lenſes 
which ariſes from the different refraction of rays, 


as thoſe which paſs through the extremities of a - 


lens do not meet in the me point with thoſe which 
paſs through it's middle, the effect of which is an 

init of 1 images chiperied through the ſpace of " *! 

| 5 fuſion, 
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fuſion. But this is not the only defect; there is 
another, of ſo much more importance that it ſeems 
impoſſible to apply a remedy, the cauſe exiſting not 
in the glaſs, but in the nature of the rays them- 
ſelves. 1 
Lou will recollect that there is great variety in 
z ER with reſpect to the different cole of which 
they convey the impreſſion. . I have compared this 
diverſity to that which we meet with in muſical 
notes, having laid it down as a principle, that each 
colour is attached to a certain number of vibrations, 
But ſuppoſing that this explanation ſhould full ap- 
pear doubtful, it is beyond all doubt, that rays of 
i different colours likewiſe undergo different refrac- 
= tions in their paſſage from one tranſparent medium 
to another; thus red rays undergo the leaſt refrac- 
tion, and violet the greateſt, thoug h the difference 
is almoſt imperceptible. Now, all the other co- 
ours, as orange, yellow, green, and blue, are con- 
tained, with reſpect to refraction, within theſe two 
limits. It muſt likewiſe be remarked that white | 1s. 
A mixture of all the colours, which, by reftaction, 
are ſeparated from each other. ; 
In fact, when (ple te IX. he. 12.) a a ray 
OP, or a ray of the ſun, falls obliquely « on a piece of. 
glaſs ABC D, inſtead of purſuing 1 it's courſe in the 
direction P Q, it not only deviates from this, but f 
divides into a variety of rays P r, P PH Pos 
the firſt of which Pr, the one that deviates leaſt, 
repreſents the red colour, and the laſt P, Which 
— — deviates 
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| deviates moſt, the violet colour. The diſperſion 
v is indeed much ſmaller than it appears in the 
figure; the divergence, however, always becomes 

more perceptible. e 
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From this different refrangibility of rays, accord - 


ing to their different colours, are produced the fol- 
8 lowing phenomena, with reſpect to dioptric glaſſes. 


. Et OE -C plate TIX. fig. 1 4) be a convex 


, lens, on the axis of which O R, at a very oreat diſ- 
tance A O, is the object Oo, the image of which, 
a8 repreſented by the lens, we are to determines 


putting aſide, here, the firſt irregularity, that which 


reſpects diffuſion, or, which amounts to the ſame 
thing, attending to thoſe rays only which paſs 
|  throvgh the centre of the lens AB, as if it's extre- 
mities were covered with a circle of paſteboard. 


. Let us now ſuppoſe the object Oo to be red, 


. fo that all its rays ſhall be of the ſame nature; the 
lens will ſomewhere repreſent the image of it Ry 
cqually red; the point R is, in this caſe, denomi- 
nated the focus of the red rays, or of thoſe which e 
undergo the leaſt refraction. 1 5 


III. But if the object O ois violet, as rays 10 this 


colour undergo the greateſt refraction, the image 
VV will be nearer the lens than R r; this point V 
is called the focus of violet rays. 


IV. If the object were painted ſome other 1 inter- 


_ mediate colour between red and violet, the image 
would fall between the points R and V, would be 
: An very diſtinct, and terminated _ the ſtraight 


line 


A GERMAN PRINCESS. 449 


line # B, drawn from the extremity o of the object, 


through the centre of the lens, this being a general 


rule for all colours. 
V. But if the colour of the object 1 is not pure, as 


is the caſe in almoſt all bodies; or if the object is 


white; which is a mixture of all colours, the differ- 


ent ſpecies of rays will then be ſeparated by refrac- 
tion, and each will repreſent an image apart. That 
| which is formed of red rays will he at Ry; and that 

which is produced by the violet; at V v; and the 

whole ſpace RV will be filled with —_ of. the 


intermediate colours. 


VI. Theilew P, P, then; will peak 4 Bete. 
. fion of i images of the object O o diſpoſed through 
the ſmall ſpace R V, of which, the moſt remote 
8 from the lens; is red, and the neareſt V violet, 
and the intermediate images of the intermediate 
colours; according to the order of the colours as 


they appear in the rainbow. 


VII. Each of theſe images ll PR abundantly 
diſtinct in itſelf, and all terminated by the ſtraight 
line 0 B v7, drawn from the extremity 0 of the ob- 
je& through the centre of the lens B: but they 
could not be viewed together, without a Oy per- 


5 ceptible confuſion. 


VIII. Hence, FRONT 18 3 4 new Fake af 


diffuſion, as in the firſt irregularity, but differing 
from it in this, that the latter is independent on he 
aperture of the lens, and that each f image is Painted 
* a PAO © colour.” 5 
Vor. II- 8 * 
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deviates moſt, the violet colour. The diſperſion 
rv is indeed much ſmaller than it appears in the 
figure; the divergence, however, always becomes 
more perceptible. 


From this different refrangibility of rays, accord- 
ing to their different colours, are produced the fol- 


lowing phenomena, with reſpect to dioptric glaſſes. 


I. Let PP (plate IX. fig. 1 3-) be a convex 
Jens, on the axis of which OR, ata very g great diſ- 
tance A O, is the object Oo, the image of which, 

a8 repreſented by the lens, we are to determines 

putting aſide, here, the firſt irregularity, that which 

reſpects diffuſion, or, which amounts to the ſame 

thing, attending to thoſe rays only which paſs 

| throvgh the centre of the lens AB, as if i it's extre- 
mities were covered with a circle of paſteboard. . 
II. Let us now ſuppoſe the object O o to be red, 
fo that all its rays ſhall be of the ſame nature; the 
lens will ſomewhere repreſent the image of it Ry 
equally red; the point R is, in this cafe, denomi- 

nated the focus of the red rays, or of thoſe which 2 

undergo the leaſt refraction. KT 

III. But if the object Oo is violet, as rays of this 


cee undergo the greateſt refraction, the image 


V v will be nearer the lens than R r; this point * 
is called the focus of violet rays, EM 
IV. If the object were painted ſome other | inter- - 
| mediate colour between red and violet, the image 

would fall between the points Rand V, would be 
n very diſtinet, and terminated by the ſtraight 
line | 
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line „B, drawn from the extremity o of the object, 
through the centre of the lens, this being a e 
rule for all colours. 

v. But if the colour of the object i is not pure, as 
is the caſe in almoſt all bodies; or if the object is 
white; which is a mixture of all colours, the differ- 

ent ſpecies of rays will then be ſeparated by refrac- 

tion, and each will repreſent an image apart. That 
which is formed of red rays will be at R 7; and that 
which is produced by the violet; at V v; and the 
whole ſpace RV will be filled with images — the | 
Intermediate colours: N 
3 The lens P. P, then; will pee a et : 


fion of i images of the object O o diſpoſed through - 
the ſmall ſpace R V, of which, the moſt remote 


Oo from the lens; is ted, and the neareft Vo violet; . 
and the intermediate images of the intermediate 


” colours; according to the: order of the colours as 5 
5 they appear in the rainbow. ZR 5 
VII. Each of theſe images will be n 7 

diſtin&t i in itſelf, and all terminated by . the ſtraight 
line o Br, drawn from the extremity 0 of the ob- 
: ject through the centre of the lens B: but they | 


could not be viewed together, without a Fouy: pets a 


ceptible confuſion. ; 
VIII. Hence, chen, is bs a new w ſpace of-- 
diffuſion, as in the firſt irregularity, but differing 6 

from i it in this, that the latter is independent on the 
aperture of the lens, and that each } image is painted | 
of a $ particular. Eclour. . 
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IX. This ſpace of diffuſion R V depends « on the 
focal diſtance of the lens, ſo as to be always about 
the twenty- eighth part; when, therefore, the focal 

diſtance of the lens PP is 28 feet, the ſpace * 
becomes equal to an entire foot, that is, the diſtance 
between the red image R and the violet V v is one 
foot. If the focal diſtance were twice as great, or 
56 feet, the ſpace RV would be two feet, and ſo 
of other diſtances. 

X. Hence, the calculation of the focal Swe 
of a lens becomes uncertain, as the rays of each 

colour have their ſeparate focus: when, therefore, 
the focus of a lens i is mentioned, it is always neceſ- 
| fary to announce the colour that we mean. But 


rays of an intermediate nature are commonly un- 
derſtood, thoſe between red | and violet, _—_ the 
green. 
Mk Thus, EO, it is « mid, . 1 ex- 
planation, that the focal diſtance of ſuch a lens is 
86 feet, we are to underſtand that it is the green 
image which falls at that diſtance; the red image 
wWoill fall about a ſoot farther off, and the violet a 
boot nearer. e 
Here, then, is a new cet of eſſential i im- 
| portance, to which attention muſt be 0 in the : 
conſtruction of Gioptrical inſtruments. | 


2 5 March, 1763. : 


LETTER 
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LETTER CI. 
| | Meds of * this Deal by compound oY 


Je, 


I is neceffary carefully to aſtinguiſh this new 
4 diffuſion, or multiplication of the image, arifing 
from the different refrangibility of rays, as being * 


different colours from the firſt diffuſion, occaſioned , 


by the aperture of the lens, in as much as the rays 
Which paſs through the extremities form another 
image than thoſe which paſs through it's middle. 
This new defect muſt, accordingly, — remedied, 
differently from the firſt, Co 
Tou will pleaſe to recollect, that I weve propoſed i 
two methods for remedying the preceding defect; 
dhe one conſiſted in an increaſe of the focal diſtance, 
in order to diminiſh the curve of the ſurfaces of the 


lens. This remedy introduces inſtruments extreme 


ly long, whenever a great magnifying power is re- 


1 quired. T he other conſiſts in a combination of two =» 
enſes, the one convex, and the other concave, to mo- 


5 dify the refraction, ſo that all the rays, tranſmitted 


. through theſe lenſes, may meet in the ſame Poe © 


and the ſpace of diffuſion be totally reduced. D 
But neither of theſe remedies affords the leaſt af, = 
 fiſtance toward removing the | inconvenience ariſing 


rom the different refrongiotiey of rays. The firſt 
f CCC 
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even increaſes the evil, for the more that the focal 
diſtance is increaſed, the more conſiderable be- 


comes the ſpace through which the coloured images 
are diſperſed. Neither does the combination of two 


or more lenſes furniſh any aſſiſtance; for we are aſ- 
ſured from both theory and experience, that the 
images of different colours remain always ſeparated, 
however: great the number of lenſes through which 
the rays are tranſmitted, and, that the more the lens 5 
magnifies, the more the difference increaſes. 


This difficulty appeared ſo formidable to the 


great Newton, that he deſpaired of finding a remedy 
| Ge a defect which he believed abſolutely inſeparable 3 
from dioptrical inſtruments, when the viſion is pro-; 
duced by refracted rays. For this reaſon he reſolved 
to give up refraction altogether, and to employ mir- 
rors inſtead of objective lenſes, as reflection is always 7 
te ſame for rays of every nature. This idea has 
procured for us thoſe excellent reflecting teleſcopes, | 
| whoſe ſurprizing effects are ſo juſtly admired, and 
which I ſhall deſcribe after I have explained r - 
thing relating to refracting inſtruments. 1 
On being convinced that it was impoſſible 8 
: medy the different refrangibility of rays, by a combi- e 
nation of ſeveral lenſes, I'remarked that the. reaſon =» 
bolt it was founded on the law of refraction, which is 
the ſame in every ſpecies of glaſſes; and I per- 
ceived, that if it were poſlible to employ other tranſ- 
parent ſubſtances, whoſe refraction ſhould be con- 
5 hderably different from that of | Walks it might be 


es 
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very poſſible to combine ſuch ſubſtance with glafh, 
in ſuch a manner that all the rays ſhould unite in 
the formation of a ſingle image, without any ſpace 
of diffuſion. In purſuance of this idea, I found 
means to compoſe objective lenſes, of glaſs and wa- 
cer, wholly exempt. from the effect of the different 
refrangibility of rays, which, conſequently, would 
: 8 8 as good an effect as mirrors. 
I executed my idea with two meniſque, o1 or con- 
| cavo-convex lenſes (plate IX. fig. 14.) the one of 
5 which 1 sAACC, and the other BBCC, which I 
joined together with the concave ſurfaces toward | 
each other, filling the void between them with wa- 
ter, ſo that the rays which entered by the lens 
AAC C muſt paſs through the water incloſed be- 
tween the two lenſes, before they went off through x 
CE BB. Each ray undergoes, then, four refrac- f 
. the firſt, on paſſing from the air into the lens 
oy AACC; the ſecond, on paſſing from this lens 
into the water; the third on paſſing thence into the 
| other lens CCB B; the fourth, on paſſing from 
this lens into the air, 1 
As the four ſurfaces of theſe two lenſes here: enter | 
7 into conſideration, 1 found means to determine their 
ſemidiameters, ſo that, of whatever colour a ray of 
light might be, after having undergone theſe four 
- refractions, i it ſhould re-unite in the ſame point, and = 
the different refrangibility no longer produce diffe- 
rent images. 
Theſe objectives, compounded of two lenſes and 
Gg FS mT Water, — 
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water, were found ſubject, at firſt, to the former de- 
ſect, namely, that of the rays, which paſs through 
the extremities, forming a different focus from what 

is farmed by thoſe which paſs through the middle; 
but, after much painful reſearch, I found means to 
proportion the radii of the four ſurfaces in ſuch a 


manner, that theſe compound objectives became 


wholly exempted from the defects of both the 


claſſes ſpecified. But it was neceſſary, to this effect, 


to execute ſo exactly all the meaſurements pre- 
ſcribed by the calculation, that the ſlighteſt aberra- 


tion muſt become fatal to the whole proceſs; I was, 


therefore, obliged to abandon the conſtruction of 8 
_ objectives. „ 5 
- Beſides, this project 62541 Nai only the! in 


_ conveniences which affect the objective lens, and : 


the ocular lens might ſtill labour under ſome defect 


zs great, which it would be impoſlible to remedy in 
the ſame manner, Several ocular lenſes are Rie- 


5 - quently employed 1 in the conſtruction of teleſcopes, | 


ns which I ſhall deſcribe afterwards ; we ſhould not, 
5 therefore, gain much by a too ſcrupulous adherence 


to the objective only, while we overlook the other 


5 | | - lenſes, though their effect may not be greatly per- Fs 
„ reptible relatively tq that of the objective. = 


But, whatever pains theſe reſearches may have . 
coſt me, I frankly declare, that I entirely give up, at 
preſent, the conſtruction of objectives compounded 
bl glaſſes and water; 3 As well on account of the dif- 
5 Heulty « of den, as chat 1 bare ſince diſcovered = 
= other 
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other means, not of deſtroying the effect of the dif- 


ferent refrangibility of rays, but of rendering it im- 
perceptible, This ſhall be the ſubject of wy next wy 


letter. 
27th March, ve. 


LETTER CIV. 


Other Means more n . 


5 the conſtruction of teleſcopes. 


+ HE ns ſentiment be well founded, thaw 1 is no 1 : 
leſcope capable of repreſenting objects, but with a 


confuſion inſupportable in proportion to the great- 


neſs of the magnifying power. However, though 
there are teleſcopes extremely defective in this re- 
ſpect, we likewiſe meet with ſome that are en, 


\INCE the reflecting teleſcope came into gene- 
O ral uſe, refracting inſtruments have been ſo run 
2 e that they are on the point of being wholly 
| laid aſide. The conſtruction of them has, accord- 
ingly, for ſome time paſt, been wholly ſuſpended, : 
under a firm perſuaſion | that every effort to raiſe 
them to a ſtate of perfection would be uſeleſs, as the 
great Newton had demonſtrated that the inſur- 
mountable difficulties ariſing from the different re. 
| frangibility of rays, was abſolutely * from - 
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4 5 and wits inferior to the ſo much boaſted ra- 
1 flecting teleſcopes. This is, undoubtedly, a a very 
| great paradox; for if this defect really attached to 
the ſubject, we ſhould not find a ſingle exception. 
Such an exception, therefore, and we have the teſ- 
timony of experience that it exiſts, well merits every. 
degree of attention. . 
Wee are to enquire, then, Tow it comes hat cer- 
tain teleſcopes repreſent the object abundantly dif- 
tinct; while others are but too much ſubject to the 
defect occaſioned by the different refrangibility of 
rays. I think 1 have diſcovered the reaſon, which 7 
1 ſubmit in the following reflections. 
I. It is indubitably certain that the objective lens 
repreſents: an infinity of images of each object, which 
are all arranged over the ſame ſpace of diffuſion, 
and each of which is painted it's own proper co- 
=: lour, as 2 have demonſtrated in the 1 
=_ | Letter. 1 5 
E Each of cheſs images W an object 
=_ wth reſpect to the ocular lens, which repreſents eck 
ſeparately, in the colour proper to it; ſo that the eye 
diſcovers, through the teleſcope, an infinity) of 
images, diſpoſed in a certain order, according to the 
refraction ofche lens. 
III. And if, inſtead of one ocular ck we were 
to employ ſeveral, the ſame thing will always take 
place, and inſtead of one image, the teleſcope will 
repreſent an infinity to the eye, or a ſeries of 1 images, 
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ch of which expreſſes a ſeparate object, but of 2 
particular colour. . 
IV. Let us now conſider (plate IX. fig. 1 x. ) 
the laſt i images preſented, by the teleſcope, to aneye 
placed at O; and let Ry be the red image, and 
Vo the violet, thoſe of the other colours being be- 
tween theſe two, according to the order of their dif- 
ferent refrangibility. I haye not, in this figure, in- 
troduced the lenſes of the teleſcope; the only point, 
at preſent, being to ſhew in what manner the eye ſees 
the images. Only we muſt conceive the diſtance of 
the 2 0 from theſe images to be very great. 
: All theſe images Rr and V v, with the inter- 
| Pg are ſituated, then, on the axis of the tele- 
ſcope O RV, and terminated by a certain ſtraight 
line, 7 v, denominated the terminatrix of all che 
images. 5 
VI. As I have repreſented thi | images in the : 
: figure, the red image Ry is ſeen by the eye at O, 
| pnder the angle R Or, which! is greater than the 8 
angle VO v, under which the violer i image Voi . 
5 ow” The violet 1 rays which, from the image V 


enter into the eye, are, therefore, blended with the 


red which come from the part! Rr of the red i image 
Vp 
De, Conſequently, the eye cannot ſee the Fler 
image without a mixture of rays of other colours, 
but which correſpond to different points of the ob- 
ject itſelf; thus the point 7 of the red 1 image is con- 
founded in the Fs with the . * of the vio- 


let 


— 
— 
ä AE "ue 


+ ca EEE * 
1 ům; . r 
— 

— 


2 


— 


- N 
— 2 * „ — — — . — 
N — 234 ———— — — — — — — 


— 


— — 
133 — — 
— 


— — — 


— ** Z _ * , f — : > * _—_ — - hr WOT. TG 
—— — —— ba —— « N 1 — — * 
— . — wü . — - — —— 
r — ä — * . - Ts 0 
" :, LB) 1 . ' 
9 — — — x hn ing er wn — —— —e— . 
— — — — 5 N 
- * 
: OR ; . 


— 


458 Terr ro 


let image, from which a very great confuſion muſt 


ariſe. 


VIII. But the ray 7 O not being mixed with the 


others, the extremity ſeen will appear red, or the 
image will ſeem bordered with red, which after- 
ward ſucceſſively blends with theſe other colours, ſo 
that the object will appear with a party-coloured 
border, a fault very common in teleſcopes, to which 
i ſome, however, are leſs ſubject than others. 


IX. If the greater image R 7 were the violet and 


v v the red, the confuſion would be equally offen- 
ſive, with this difference only, that the extremities of 


the object would chen 1 bordered with violet, 
inſtead of red. 


X. The Send depends, then, o on we poſition of - 


de terminating ſtraight line v, with relation to the 

line VO, and the diverſity which may take place 
init; the reſult muſt be, that the confuſion will 0 
ſometimes greater and ſometimes leſs. : 


XI. Let us now conſider the caſe, in which t he 


: Jaſt images, repreſented by the teleſcope, are ſo ar- 
ranged, that the ſtraight terminating line vr being 
produced, would paſs preciſely into the eye. The ey © 


Vin then fee (plate IX. fig. 16.) along a ſingle ray | 
vr O, all the extremities ; and, in general, all the 


Points which correſpond to one and the ſame point of 
the object, will be conveyed to the eye by a ſingle 


Tay; and will there, conſequently, be diſtin&tly repre- 
ſented. 


— Here, then, is a caſe, in which, Atte 
ſtanding 


Sage 456. 
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ſtanding the diverſity of images, the eye may ſee the 
object diſtinctly, without any confuſion of the dif- 
ferent parts, as happened in the preceding caſe. 
This advantage, then, will be obtained, when the 
terminating line vr, being produced, * through ; 
the place of the eye O, 
XII. As the arrangement of the laſt i images 
Rr and V v depends on the diſpoſition of the ocu- 
lar lenſes, in order to reſcue teleſcopes from the de- 
fect imputed to them, nothing more is requiſite but 
to arrange theſe lenſes in ſuch a manner, that the ter- 
minating line of the laſt images vr ſhall paſs through 
the eye; and teleſcopes, thus e will al : 


5 ways be excellent. 


30th March, 1762. 


* E T T E R 0 v. 
kahn, f the rakes of a good 7 alſeepe, 


5 0 N taking a general review of the ſubject, you 
uin readily admit that an excellent where 
_ is a moſt valuable commodity, but rarely to be met 
with, being ſubject to ſo many defects, and ſo many 
qualities being requiſite, each of which has an eſſen- 
tial influence on the conſtruction of the inſtrument. 
* the number of the good qualities 1 is conſiderable, _ 
that 
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chat no one of them may eſcape your obſervation, 
1 ſhall again go over the ground, and — a gifs 
tink enumeration of ham.” 
m I. The firſt reſpects the wagen power; and 
| 18 the more that a teleſcope magnifies objects, the 
=. more perfect undoubtedly it is; provided that no 
other good quality is wanting. Now, the magni- 
fying power is to be eſtimated from the number of 
times that the diameter of the object appears greater 8 
than to the naked eye. Lou will recollect that, in 
teleſcopes of two lenſes, the magnifying power is ſo 
8 many times greater, as the focal diſtance of the ob- 
1 J]ective lens exceeds that of the ocular. In teleſcopes 


tion of the magnifying | power is more intricate. 
II. The ſecond property of a good 3 is 

- brightneſs. It is always very defective when it re- : 
preſents the object obſcurely, and as through a miſt, 
In order to avoid this defect, the objective lens muſt 
be of ſuch a ſize as is regulated by the magnifying 

. power. Artiſts have determined that, in order to 
magnify 300 times, the aperture of the objective : 

_ oughtto be three inches diameter, and for every other 
magnifying power in proportion. And, when ob- 
jects are not very luminous of themſelves, it would 
be Proper to employ oljectives of a ſtill greater dia- 
meter. 
III. The third quality i is diſtinfinefs or accuracy | 
=: bf Pa EI wg In order to this, the rays which 
=_—_ Fas through the extremities of the objective lens, 
ought 


* 
— 


= conſiſting of more lenſes than two, the determina- = 8 
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ought to meet in the ſame point with thoſe which 


| paſs through the middle, or that, at leaſt, the aberra- 


tion ſhould not be perceptible. When a ſimple ob- 
jective is employed, it's focal diſtance muſt exceed a 


certain limit proportional to the magnifying power. 


Thus, if you wiſh to magnify 100 times, the focal 
diſtance of the objective muſt be at leaſt 30 feet. It 


is the deſtination, therefore, which impoſes the ne- 


Fele of making teleſcopes ſo exceſſively long, * 
we want to obtain a very great magnifying power. 
No, in order to remedy this defect, an objective 
| compoſed of two lenſes may be employed; and, 
Huld artiſts ſucceed in the conſtruction of them, we 
mould be enabled, very conſiderably, 1 to ſhorten 8 
leſcopes, while the ſame magnifying power re- 
mained. You will have the goodneſs to recollect 3 
what I have already ſuggelted, at ſome length, on 


this ſubject. 


IV. The fourth quality 1 kkewiſe the dil. 
tinctneſs, or purity, of repreſentation, as far as it is 
affected by the different refrangibility of rays of dif- 
ferent colours. I have ſhewn how that defect may 
be remedied: and as it is impoſſible that the i images 
formed by different rays ſhould be collected in a fin- 
ole one, the point in queſtion is to arrange the 

lenſes in the manner I have deſcribed in Fig pre- 

ceding Letter; that is, the terminating line of the laſt 

images muſt paſs through the eye. Without this, 
the teleſeope will have the defect of repreſenting ob- 


jects ſurrounded Wich the colours of the rainbow ; 


but 
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is a large apparent field, or the ſpace which the in- 
ſtrument diſcovers at once. You recolle& that 
__ inal pocket-glaſſes, with a concave ocular lens, are 

| ſubje to the defect of preſenting a very ſmall field, 
which renders them incapable of magnifying greatly. 
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but the deſect will diſappear on arranging the lenſes 
in the method I have pointed out. But, to this ef- 


ſect, more than two lenſes muſt be employed, in 


order to a proper arrangement, I have hitherto 
| ſpoken only of teleſcopes with two lenſes, one of 
which ĩs the objective, and the other the ocular; and 
you know that their diſtance from each other is 
already determined by their focal diſtances, ſo that 
here we are not at liberty to make any alteration. 
It happens, fortunately, however, that the terminat- 
ing line, which I have mentioned, paſſes nearly 
| through the place of the eye; ſo that the defect, 
ariſing from the colours of the rainbow, is almoſt | 
— impereeptible, provided the preceding defect is re- 
medied, eſpecially when the magnifying power is 
not very great. But when the power is conſidera- 
dle it would be proper to employ two ocular lenſes, 
in order entirely to annihilate the colours of the rain- 
bow: as in this caſe, the ſlighteſt defects, being 
equally magnified, become infopportable. 8 


v. The fifth and laſt good quality of a teleſcope, : 


The other ſpecies, that with a convex ocular, is leſs : 


ſubject to this defect, but as it repreſents the object 5 
| inverted, teleſcopes of the firſt ſpecies would be pre- 
— ferable, did they diſcover a larger field, which de- 


» EE, — 
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pends on the diameter of the aperture of the ocular 
lens; and you know we cannot increaſe this aper- 
ture at pleaſure, becauſe it is determined by focal 
diſtance. But, by employing two or three, or even 
more ocular lenſes, we have found means to render 
the apparent field greater; and this is an additional 
reaſon for employing ſeveral lenſes, in order to pro- 
eure a teleſcope in all reſpects excellent. 
I 0o theſe good qualities, another may be ſtill i 
added, that the repreſentation ſhall not be inverted 
by the inſtrument, as by aſtronomical teleſcopes. 
But this defect may be eaſily remedied, if it be one, 
by the addition of two more ocular — as I I hall 
N ew! in my next letter. . 


34 April, x762. 


LETTER cvl. 


27 errefria T ele eſepes with F. our Laue. 


F HAVE treated at conſiderable N of os 5 
1 ſcopes compoſed of two convex lenſes, knowuovn 
. by the name of aſtronomical tubes, becauſe they _ 
are commonly uſed for obſerving the heavenly _— 
"You will readily —— that the uſe of ſuch _ Wl: 
| inſtruments, however excellent they may be, is li- i 
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mited to the FRET becauſe they repreſent objects 


in an inverted poſition, which is very aukward in 


contemplating terreſtrial bodies, as we would rather 
wiſh to view them in their natural ſituation; but on 
the diſcovery of this ſpecies of teleſcope, means were 
quickly found of remedying that defect, by doubling; 


if I may fay fo, the fame teleſcope. For as two 
lenſes invert the object, or repreſent the image in- 
verted, by) Joining a ſimilar teleſcope to the former, 
for viewing the fame 1 image, it is again inverted, and - 
this ſecond repreſentation will exhibit the object up- 
right. Hence a new ſpecies of teleſcopes, com- 
poſed of four lenfes, called terreſtrial teleſcopes, os 
from their being deſigned to contemplate terreſtrial 


objects: and the method of e them 
follows. 


1. The bur ieuſts A, B, C, B, xs IX. I. ib 


5 incloſed in the tube MMNN, repreſent the tele 
ſcape in queſtion; the firſt of which, A, directed 
1 toward the object, is denominated the objective lens, 3 
and the other three, B, C, D, the ocular. _ Theſe 
four lenſes are all convex, and the eye muſt be 
5 placed at the extremity of the tube, at a certain diſ 
tance from the laſt ocular. lens D, the determination 
| of which ſhall be afterwards explained. 


II. Let us conſider the effect which 1 lens 


muſt produce, w when the object Oo, which is viewed 
through the teleſcope, is at a very great diſtance. 


The objective lens will firſt repreſent the image of 


this object at P J it's focal diſtance, the magnitude 


E 
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bf the i image being determined by the frraight line 
drawn from the extremity 0; through the centre of 
the lens A. This line is not repreſented in the fi- 
gure, that 1 it may not be embarraſſed with too many 
"nes... 

III. This! image P; 5 occupies the lit of the ob- 
ject with refpect to the ſecond lens B, which is 


| placed in ſuch manner; that the interval B P ſhall 


be equal to it's focal diſtance, in order that the ſe- 
cond image may be thence tranſported to an infi- 


nite diſtance, as Q, which will be inverted as the 


firſt P p, and terminated by the ſtraight line, drawn 
from the centre of the tens B, 1 the extre- 


N IV. The interval between theſe two firſt lenſes : 

A, B, is equal; therefore, t to the ſum of their focal 
diſtances; and were the eye placed behind tlie lens 
B, we ſhould have an aſtronomical teleſcope, through 
which the object O would be ſeen at Q 9, and, 
: conſequently, inverted, and magnified a as many times 


as the diſtance A P exceeds 'the diſtance BP. But 


Inſtead of the eye, we place behind the lens B, = 
ſome diſtance, the third lens C, with reſpect to which 
the ii image 24 occupies the place of the object, as, in . 
fact, it receives the rays from this image Qs, 

which, being ata very great diſtance, the lens C will 
repteſerit the i image of 855 at it's focal diſtance ig 


- v. The i image 27 being inverted, me image 
Nr wil be upright; and terminated by the ſtraight 
Vor. II. _ H = --— = 


— 
— — 
. 


in ſuch a manner that the interval DR ſhall be 
equal to it's focal diſtance this lens D will again 
tranſport the image Rr to an infigite diſtance, as 
| Ss, the extremity of which 5 will be determined by 
the ſtraight line drawn from the centre of the lens 
D, through the extremity r; and the eye placed be- 
| hind this lens will, in fact, ſee this image Sg inſtead 5 
5 of the real object Os: 


* 6 da, r * 
— — — a. 
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line drawn from the extremity through che centre 
of the lens C, which will paſs through the point 7. 


Conſequently the three lenſes A, B, C together, re- 


preſent the object Oo at R ok and this 1 Image Rr 
is upright. 


VI. Finally, we have ay to place the laſt Jens 


VII. Hence it is eaſy to aſcertain how's many times 8 


| this teleſcope, compoſed of four lenſes, muſt mag- 
nify the object; you have only to attend to the 
two couple of lenſes, A B and C D, each of which, 
ſeparately, would be an aſtronomical teleſcope. The | 


firſt pair of lenſes A and B magnifies as many 


times, as the focal diſtance of the firſt lens A ex- 
ceeds that of the ſecond lens B; and ſo many times 
will the image formed * it, Qs exceed the real 
object Os. 


VIII. Farther, this: image a7. occupying the 


place of the object, with reſpect to the other pair 

of lenſes | © and D, it will be again multiplied 8 
many times as the focal diſtance of the lens C ex- 

ceeds that ol che lens D. Theſe two * | 
Powers 
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ap added, give the whole magnifying produced 


y the four lenſes. 
TX: Ih then, the firſt pair of lenſes A and B 


magnify ten times, and the other pair C and D 
three times, the teleſcope will magnify the object 
thrice ten, that is, thirty times; and the aperture of 
the objective lens A muſt correſpond to this mag- 
nifying Pune, according to the rule formerly laid 


down. 


molten. © 
This conſtruction is ſuſceptible of EY varia- 


tions, ſome- preferable to others, as I ſhall after- 


. wards demonſtrate, 


bub pri, 1763. 


—Hhbo rn 


-< Heiice you fee, then, that on Cparating Goc 

a terreſtrial teleſcope the two laſt lenſes C and D, 
there would remain an aſtronomical teleſcope, and 
that theſe two lenſes C and D would likewiſe form 

ſuch a teleſcope. A terreſtrial teleſcope, therefore, 
conſiſts of two aſtronomical; and, reciprocallß, 
two aſtronomical teleſcopes combined form a ter- 
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LETTER oui. 


Arran gement of Lenſes in Terierial Ti ale ſcopes.” 


V - 0 U have now ſeen how, by the addition of 
1 two convex lenſes to an aſtronomical tele- 
; ſcope, a terreſtrial one is produced, which repreſents 
the object upright. The four lenſes, of which a 
rerreſtrial teleſcope i is compoſed, are ſuſceptible * 
an infinite variety of arrangement, with reſpect to 
both focus and diſtance. 1 ſhall explain thoſe which 
are of moſt eſſential importance, and refer vou to 
Plate X. fig. 1 
I, With reſpect to their aiſtztices, 1 Neve already 
remarked, that the interval between the two firſt 
lenſes A and B is the ſum of their focal diſtances; 3 
and the ſame thing holds as to the laſt lenſes C 
and D, for each pair may be conſidered as a ſimple 
tteleſcope, compoſed of two convex lenſes. But 
what muſt be the interval between the two middle | 
lenſes B and C? May it be fixed at pleaſure? As 
it is certain that, whether this interval be great or 
ſmall, the magnifying power, always compounded 
of the two which each pair would produce ſeparately, . 
muſt continue the ſane. 
II. On conſulting experience, we ſoon perceive 
that when the.two middle lenſes are placed very near 
Inn é 
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each other, the apparent field almoſt entirely va- 
niſhes ; and the ſame thing takes Place When they 
are too far ſeparated. In both caſes, to whatever 
object the teleſcope | is pointed, we diſcoyer ay a 
very ſmall part of it. 
. For this reaſon. artiſts bring the laſt pair of 

| lenſes nearer to the firſt, or remove them to a 
greater diſtance, till they diſcover che largeſt field, 
and delay fixing the lenſes till they have found this 
ſituation. Now, they have obſerved, that, in fet- 
tling this moſt advantageous arrangement, the diſ- | 
tance of the middle lenſes B and C is always greater 
than the ſum of the focal diſtances of theſe fame ; 
two lenſes. 8 1 
IV. You will readily FER that this diſtance . 
cannot depend on chance, but muſt be ſupported by 5 
a theory, and that, affording a determination much 
5 more exact than what experience aloe c could have 
furniſhed. As it is the duty of a natural philoſo- T 


8 Pher to inveſtigate the cauſes of all e Phenomena 8 
which experience diſcovers, 1 proceed to unfold the 
true principles which determine the moſt advan- 


5 tageous diſtance BC between the two middle lenſes. 5 


For this purpoſe I refer to plate . Hg. 2. 55 
„ all the rays muſt be conyeyed t to the eye, 5 
5 let us attend to the direction of that one which, 
5 proceeding from the extremity o of the viſible ob- 
ject, paſſes through the centre A of the objective 

lens; for unleſs this ray is conveyed to the eye, 
this extremity, o will not be viſible. Now, this 
H h 3 e N ray 
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ray undergoes no refraction in the objective lens, 
r it paſſes through the centre A; it will therefore 


roceed in a ſtraight line to the ſecond lens, which it 
- zill meet in it's extremity 6, as this is the laſt — 


5 ranſmitted through the lenſes. 


VI. This ray, being refracted by the ſecond lens, f 
will change | it's direction ſo as to meet ſomewhere, 
at u, the axis of the lenſes; this would have hap- 
pened to be the focus of this lens, had the ray AB 
been parallel to the axis; but as it proceeds from 
the point A, it's reunion with the axis at u will be 
more diſtant from the lens B, than it 8 focal dil. 
tie 


VII. We muſt now place the third ks c in 


: ſuch a manner that the ray, after having croſſed the 


axis at 2, may meet it exactly in it's extremity . 
from which it is evident that the greater the aper- 


ture of this lens C is, the farther i it muſt be re. 
| moved from the lens B, and the greater the inter- 
„ becomes; but on the other hand, care 
5 muſt be taken not to remove the lens C beyond . 


that point, as in this caſe the ray would eſcape it, 
and be tranſmitted no farther. This circumſtance, 

| then, determines the juſt diſtance between the two 
middle lenſes B and Cc, keene to erpe⸗ 
rience. 
VIII. This lens C on produce a new e 
of the ray in queſtion, which will convey it pre- 

ciſely to the extremity 4 of the laſt ocular lens D, 

Which, being tmatter” than C, will render the line 


4 
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c 4 ſomewhat convergent toward the axis, and will 


thus undergo, in the laſt lens, ſuch a degree of re- 


fraction as will reunite it with the axis at leſs than 
it's focal diftance ; and there it is exactly that the 
eye muſt be placed, in order to receive all the rays 
tranſmitted through the lenſes, and to diſcover the 
greateſt field. ; L 
IX. Thus we are enabled to procure. a field 
whale diameter is almoſt twice as large as with an 
aſtronomical teleſcope of the fame magnifying 
power. By means, then, of theſe teleſcopes, with 
four lenſes, we obtain a double advantage, the ob- 
: ject 1 is repreſented upright, and a much larger field 


15 diſcovered: both, eircumſtances of much 1 im- = 


5 Portance. | ; 
X. Finally, it is > pads to find 8 a an arrange- 


ment of theſe four lenſes, as, w without affecting 
either of the advantages now mentioned, ſhall en- 


tirely do away the defect ariſing from the colours 
of the rainbow; and at the 18 time repreſent the 
: object with all poſſible diſtinctneſs. But few artiſts 


can attain this 8 of perfection. 
10th pris 1762, 
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LETTERS TO 


* LETTER CVIIL 


Procauto ns to be ved! in the Confrutim of Tele 


 ſeapes. ' Neceſſity of ny the 22 4. 7 Tu bes : 
| Diopbragms. En 


F TER theſe Adee Wee che con- | 
ſtruction of teleſcopes, I muſt ſuggeſt and | 


explain certain precautions neceſſary to be uſed; 


which, though they relate neither to the lenſes 


themſelves, nor to their arrangement, are neverthe- 
Less of ſuch importance, that if they are not very 
5 carefully obſerved, the beſt inſtrument is rendered 
entirely uſeleſs.” It is not ſufficient that the lenſes 
Hh Thould be arranged 1 in ſuch. a manner that all the 
s. which fall upon them ſhall be tranſmitted 
through theſe lenſes to the eye; eare muſt be taken, 


"beſides, to prevent the tranſmiſſion of extraneous 


rays through the teleſcope, to diſturb the repreſen- 
tation. Let the following Precautions, . 3 
taken. 


bs The lenſes, of which a  eleſops | is chapel 


muſt be incloſed in a tube, that no other rays except 
| thoſe which are tranſmitted through the objective 
may reach the other lenſes. For this effect, the 

tube muſt be very cloſe throughout, that not a 


chink admit the ſmalleſt portion of light. If by 


wy een che tube ſhould be perforated ever ſo 


1 - ſlightly, 
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flightly, the extraneous light admitted would con- ” 
found the repreſentation of the object. 
II. It is likewiſe of importance to blacken, 
throughout, the inſide of the teleſcope, of the 
deepeſt black poſſible, as it is well known that this 
colour reflects not the rays of light, be they ever 
fo powerful, You muſt have obſerved, according- 
ly, that the tubes of teleſcopes are always blackened 
Internally, A ſingle refloian will thew the neceſ- 
ſity of it. 
III. The objective 1 A, 0 plats X. * 3, 2 
| tranſmits not only the rays of the object repre= 
fented by the teleſcope, but thoſe alſo which by 
the extremities enter all around in great abundance; 


ſuch is the ray ba, which falls, on the inſide, upon 


the frame of the tube at 5: if, therefore, the tube 
were white inwardly, or of any other colour, i 
would be illuminated by this ray, and of itſelf 
would generate new rays of light, which muſt of 
neceſſity be conveyed through | the other lenſes, and 


diſturb the repreſentation by mingling with the = 


5 Proper rays of the object. . 
IV. But if the inſide of the be be- . 8 
-_ deeply, no newer ays will be produced, let the light 5 


be ever ſo ſtrong. This blicke ing muſt be car- 8 


ried through the whole length of the teleſcope, as 
there is no black ſo deep as not to generate, when 
illuminated, ſome faint light: ſuppoſiag, then, that 
_ ſome extraneous rays were to make their way to the 


EE ĩðâv e 
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ſecond lens B, the black of the tube, purſuing their 
:ourſe, would eaſily abſorb them altogether. There 
is a brilliant black, which, for this reaſon, it would be 
; very improper to employ. 1 5 
V. But even this precaution | is not ſufficient, i it is 
neceſſary likewiſe to furniſh the inſide of the tube 
with one or more diaphragms, perforated with a 
| ſmall circular aperture, the better to exclude all ex- 
traneous light; but care muſt be taken. that they 
exclude not the rays of the object which the in- 
ſtrument is intended to e See Hate X. 
Fe. 4. „ i 
VI. It is neceſſary to obſerve at what place, in 
the tube, the proper rays of the object are . 
95 contracted; this muſt be at the points where their 
images are repreſented, for there all the rays are 
collected together. Now, the objective lens A re- 
preſents the image in it's focus at M. You have 
only, then, to compute the magnitude of this image, 
and there to fix your diaphragm, whoſe aperture m 1 
ſmall be equal to the magnitude of the image, or 
rather ſomewhat greater. For if the aperture were 
5 leſs than the image, there would be a proportional ; 
._ lok of the apparent field, which 1 is ways a great 
defect. = 
- vl; Theſe 5 are the obforrations; refpetting the 
diaphragm, which apply to aſtronomical teleſcopes, 
compoſed of two convex lenſes. In terreſtrial te- 
5 leſcopes two images are repreſented within the 
tube: 2 
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tube: beſides the firſt at M, repreſented hy the 
objective in it's focus, and which the ſecond lens 
B tranſpo ts tv an infinite diſtance, the third 
lens C repreſents a ſecond image, in it's focus N, 
which is upright, whereas the former was inverted. 
At N, therefore, is the proper place to fix a 
. ſecond diaphragm perforated with an aperture an, 
of the magnitude LE the image there repre- 
ſented. 3 
VIII. Theſe diaphragms, added by the blackneſs 
cf the inſide of the tube, produce likewiſe an ex- 
cellent effect with reſpect to diſtinctneſs of repre- 
ſentation. It muſt be carefully obſerved, however, 


that the greater the field is which the teleſcope = 


: diſcovers, the leſs is to be expected from theſe dia- 


phragms,as in that caſe the images become greater, ſo . 
that the aperture of the diaphragms muſt be ſo en- 


larged as to render them incapable. of any longer 
excluding the extraneous rays. So much the 
greater care, therefore, muſt be taken, thoroughly 
to blacken the inſide of the tube, and to maxe 
ot larger, which conſiderably diminiſhes ”. un- 
ow effect of which 1 have been 85 


1 130 an, 1762. 
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In what Manner 7 ele berge repreſent the Moon, the 
| Planets, the Sun, and the 2 Stars. Why theſe - 
laſt appear fmaller through the Teleſcope than to 
| the naked Eye. Calculation of the Diſtance of the 


Fred Stars, from a Compariſon of their E EE 
Magnitude with that of the Sun, ; 


A Ore 5 Le 
P —- | — LA 
4 Z Pee 
- — 1 — — pn „ _ 
EPEA — — — — — —— —  —— — av — — — — = . 


0 i 
i! 

, 

. | 
| 14 
1 

* 

N 

N 

1 


AM perſuaded chat, by this time, you are very 
well pleaſed, to be relieved, at length, from 
. the dry theory of teleſcopes, which is rendered agree- 
able only by the importance of the diſcoveries ny i 
they have enabled us to make. 
: What pleaſing ſurprize is felt on G very dif. : 
rant objects as diſtinctly as if they were one hundred 
times nearer to us, or more, eſpecially in cafes 
where there is no poſſibility of reaching them, 
Ren which holds with reſpeft to the heavenly "bodies = 
And you are already diſpoſed to admit, that, with 
the aid of the teleſcope, many wonderful Ip : 
h relating to the ſtars have been diſcovered. | - 
On viewing the moon one hundred times nearer 
| than the really is, many eurious inequalities are 
diſcernible ; ſuch as exceſſive heights and profound ; 
| depths, which, from their regularity, reſemble ra- 
ther works of art than natural mountains. Hence 
a very plauſible argument is deduced, to prove that 
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the mooh is inhabited by reaſonable creatures. 


But we have proofs ſtill more ſatisfactory in fim- 


ply contemplating the almighty power, in union 


with the ſovereign wiſdom and goodneſs, of the 


Great Creator. . 
Thus the moſt important diſcoveries have dern 
made reſpecting the planets, which, to the unaf- 


ſiſted eye, appear only as ſo many luminous points; 
but which, viewed through a good teleſcope, re- 
ſemble the moon, and appear even ſtill much 


_ greater. 


But you will be not a little furprizet, when T 


4ffure you, that with the aſſiſtance” of the beft tele- 


cope, even one which magnifies more than two 
hundred times, the fixed ſtars ſtill appear only as 
points, nay ſtill ſmaller than to the naked eye. 
This is ſo much the more aſtoniſhing, that it is 
certain the teleſtope repreſents them ſuch as they 


would appear were we two hundred times nearer. 


| Are we not, hence, reduced to the neceſſity of con- 
5 cluding that, here, teleſcopes fail to produce their 
effect? But this idea preſently vaniſhes, on con- 


ſidering that they diſcover to us millions of little 


ſtars which, without their aid, muſt have for ever 
dtaped the eye. We likewiſe perceive the diſ- 
tances between the ſtars incomparably g greater; for 
two ſtars which, to the naked eye, ſeemed almoſt to 
touch each other, when viewed through the tele- 
ſcope, are ſeen at a very conſiderable diſtance; ; a ſuf- 


— ficient proof of the effect of the teleſcope, 
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What, then, is the reaſon that the fixed ſtars ap- 
pear to us ſmaller through the teleſcope than to the 


naked eye? In reſolving this queſtion, I remark, 


firſt, that the fixed ſtars appear greater to the naked 
eye than they ought to do, and that this ariſes from 


a falſe light, accaſiened by their twinkling, In fact, 
when the rays proceeding from a ſtar come to paint i 
5 their image at the bottom of the eye, on the retina, 
our nerves are ſtruck by it only in one point, but, 
by the luſtre of the light, the adjacent nerves like- 
wiſe undergo a concuſſion, and produce the ſame 
feeling, which would be communicated, if the image 
ot the object. painted on the retina were much 
_ greater. This happens on looking, in the night, 
at a very diſtant light, It appears much greater 
chan when we view it at a ſmall diſtance, and this 
increaſe of magnitude is occaſioned only by a falſe 
glare. Now, the more that a teleſcope magnifies; 
the more this accident muſt diminiſh ; not only be- 
cauſe the rays are thereby rendered ſomewhat 
fainter, but becauſe the real image at the bottom 
. of the eye becomes greater: ſo that it is no longer 


a fingle point which ſupports the whole impreſſion 


- of the rays. Accordingly, however ſmall the ſtars. 
may appear through a teleſcope, we may confi- 
dently affirm, that, to the naked eye, they would 
appear ſtill much ſmaller but for this accidental 

_ falſe light, and that as many times as the teleſcope 

| magnifies. 


Hence it follows, that, as the fixed ſtars appear 5 


A GERMAN PRINCESSY® 479 


only like ſo many points, though magnified more 
than 200 times, their diſtance muſt be inconceive- 


able. It will be eaſy for you to ſorm a judgment 


how this diſtance may be computed. The diameter 


of the ſun appears under an angle of 32 minutes: 
if, therefore, the ſun were 32 times farther off, he 
would appear under an angle of one minute; and, 


conſequently, ſtill much greater than a fixed ſtar 
viewed through the releſcope, the diameter of 
| which does not exceed two ſeconds, or the thirtieth | 
part of a minute. The ſun, therefore, muſt be 30 
times more, that 1 is, 960 times, farther removed, be- 
fore his appearance could be reduced to that of a 


fixed ſtar obſerved with the aſſiſtance of a teleſcope. 


But the fixed ſtar | Is 200 times farther off than the 

teleſcope repreſents it; and, conſequently, the ſun 
muſt be 200 times 960, that i is, 192,000 times far- 
ther off than he | is, before he could be reduced to 

the appearance of a fixed ſtar. K follows, that if 
the fixed ſtars were bodies as large as the ſun, their 


diſtances would be 192, oo times greater than that 


of the ſun. Were they full greater, their diltances 


muſt be Rill ſo many times greater; and ſuppoſing 


them even many times ſmaller, their diftances muſt 
55 always be more than a thouſand times greater than 
that of the ſun. 5 Now the diſtance of the ſun from 
our globe 1 is about 15,000,000 of German miles. 
It is impoſſible, undoubtedly, to think of this 


- immenſe diſtance of the fixed ſtars, and of the ex- 


Tent of the whole univer ſe, wichout Aoſhi, 
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What muſt be the power of that GREAT BEING Who ; 
created this vaſt fabric, and who is the abſolute 
Mater of it? Let us adore Him with the moſt pro- 
found veneration: 9 


17th April, 1764. 


LETTER Cx. 


| Why 45 the Moon, and the Sim, appear Pais at . 
riſing and ſetting, than at a certain Elevation ? Di if 
nn attendin 2 the Solution of this Phenomenon. _ 


* 5 0 U muſt have — remarked, that the 
moon, at riſing and ſetting, appears muck 


” larger than when ſhe is conſiderably above the ho- 
 rizon; and every one mult give teſtimony to the 


truth of this phenomenon. The ſame obſervation 
has been made with reſpect to the ſun. 5 This 8 
7 pearance has long been a ſtumbling- block to philo- 
ſophers; and, viewed} in whatever light; difficulties 5 
almoſt inſuperable preſent themſelves —@ 
3 It would be ridiculous to conclude, that the 
moon's body is really greater, when ſhe is in the 
horizon, than when ſhe has attained her greateſt 
| elevation. For, beſides that ſuch an idea would be 
abſurd i in ſelf, it mult be conſidered, that when the 
moon 
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moon, appears to us in the horizon, ſhe appears to 
other inhabitants of our globe, more elevated, and 


conſequently ſmaller. Now, it is impoſſible that 


the ſame body ſhould be, at the _ time, ue 
and ſmaller. 


It would be almoſt i riliculous to attempt 


che ſolution of this ſtrange phenomenon, by ſuppo- 


fing that the moon is nearer to us when ſhe appears 


in the horizon, than when ſhe 1 is arrived at a great 
elevation, from our certain knowledge that a body 
appears greater in proportion as it is nearer us; and 
| you know that the more diſtant any object is, the 
| ſmaller it appears. It is for this reaſon preciſely, 
that the ſtars appear ſo extremely ſmall, —— 


7 their real magnitude be prodigious. Sy 


But however plauſible this idea may ſeem, it is 
totally deſtitute of foundation; for it is undoubtedly = 
7 certain, that the moon is at a greater diſtance from us 
mat riſing and ſetting, than when at a greater eleva- EE 
a tion. The demonſtration follows: ( plate X. fg. £63 - 
| Let the circle ABD be the earth, and the moon 
„ ks. This being laid down, an inhabitant at A 
will ſee the moon in his zenith, or the moſt elevated ” 
point of the heavens. But another inhabitant at D. 
where the line D L touches the ſurface of the earth, 
will ſee the moon at the ſame time in his horizon; | 
fo that the moon will appear, at the ſame inſtant, to 
the ſpectator A in his zenith, and to the other ſpec- 
ator D in his horizon. It is evident, however, that 
i the laſt diſtance D Lis greater than the firſt Al, 
r N and, 
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and, conſequently, the moon is more diſtant fram 
thoſe who ſee her in the horizon, than from thoſe 
who ſee her near their zenith. Hence it clearly 
follows, that the moon, when ſeen in the horizon, 
ought to appear ſmaller, being then, in fact, farther 
from us, than when arrived at a great elevation. It 
is aſtoniſhing, therefore, that obſervation ſhould be 
in direct contradiction to this, and that the moon 
ſhould appear much greater when viewed near the 
horizon, than in the ſummit of the heavens. 
The more this phenomenon is inveſtigated, the 
more ſtrange it appears, and the more worthy of 
attention: it being undoubtedly certain, that the 
moon when moſt remote, that is, in the horizon, ” 
ought to appear ſmaller, whereas, nevertheleſs, 
every one is decidedly of opinion that ſhe then ap- 
pears conſiderably greater. This contradiction is 


ecvident, and even ſeems to overturn all the prin- 


ciples laid down in optics, which, however, are as 

-m” ly demonſtrable as any in geometry. — 
1 have purpoſely endeavoured to ſet this difficulty 
in it's ſtrongeſt light, in order to make you the more 


ſenſible of the importance of the true ſolution. 
Without entering into a diſcuſſion of this univerſal 
judgment formed from appearances, reſpecting e 
1 prodigious magnitude of the moon in the horizon, ! 
ſmall confine myſelf to the principal queſtion: Is it 


true, in fact, that the moon, when near the horizon, 
: actually appears g greater? 85 5 : 


You. 


, 4. a > _ 4 
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You know that we are poſſeſſed of infallible 


means of exactly meaſuring the heavenly bodies, by 


aſcertaining the number of degrees and minutes 
which they occupy in the heavens; or, which 
amounts to the ſame thing, by meaſuring (plate X. 
fx. 6.) the angle E O F, formed by the lines E O and 
F O, drawn from the oppoſite points of the moon, 
to the eye of the ſpectator O; and this angle EOF 
is what we call the apparent diameter of the moon. 
We have likewiſe inſtruments perfectly adapted to 
_ the purpoſe of exactly determining this angle. Now, 
when we- employ ſuch an inſtrument in meaſuring 
the moon's diameter, firſt at her riſing, and after- 
ward, when ſhe has gained her greateſt « ee we 
actually find her diameter ſomewhat leſs in the firſt 
caſe than in the other, as the inequality of diſtance 
: requires. There cannot remain the ſhadow of 
doubt as to this; but, for that very reaſon, the dif- 
f cculty, inftead of diminiſhing, gathers ſtrength; and 
it will be aſked with fo och the more eagerneſs; | 
HFo comes it that the whole world agrees in ima- 
gaining the moon to be greater when rifing or ſet- 
ting, though her apparent diameter is then, in reali- 
ty, ſmaller? and, What can be the reaſon of this ſe. 
luſion to which men are univerſally ſubject? The 
aſtronomer, who knows perfectly well that the 


moon's apparent diameter is then ſmaller, falls 


_ nevertheleſs into the ſame deception as the moſt 


F ignorant clown. 
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LETTER cxl. 


Refleions on the Que lion ebe the Moor” s ap- 
parent Magnitude; Progreſs toward a Solution hs the 
- ON Aeſurd ä 13 
, 0 U would ſcarcely have believed tha the 
1 ſimple appearance of the moon involved =” 
many difficulties ; but I hope! ſhall be able to clear 
the way, toward a ſolution, by 1 the following re- . 
5 flections. . ” 
. it is not aſtoniſhing dt our judgment re- 
5 ſpecting the magnitude of objects ſhould not always - 
be in correſpondence with the viſual angle under 
which we ſee it: of this, daily experience furniſhes. 
ſufficient proof. A cat, for example, appears, when 
very near, under a greater angle than an ox at the 
diſtance of 100 paces. I could never, at the fame 
time, imagine the cat to be larger than the ox: and 


"OW will pleaſe'to recollect, that our judgment re- 


ſpecting magnitude is always intimately connected 
with that of diſtance; ſo that if we commit a miſtake 9 85 
uin the calculation of diſtance, our judgment re- 
7 ſpecting alas becomes, of neceſſity, errone- 
US. 
I FRO to ei this more amr ona 
fometi imes A that a i fly paſſing Ln . be- 
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fore the eye, without our thinking of it, if our ſight 
is fixed on a diſtant object, we imagine, at firſt, that 
the fly is at a great diſtance; and as it appears under 
a very conſiderable angle, we take it, for a moment, 
to be a large fowl, which at the proper diſtance, 
would appear under the ſame angle. It is, then, 


inconteſtably certain, that our judgment reſpecting 


the magnitude of objects is not regulated by the 
viſual angle under which they are ſeen, and that 
there is a very great difference between the appa- 
rent magnitude of objects, and the calculated or 
computed magnitude. The firſt is regulated by the 


| viſual angle, and the other depends on the diſtance : 
to which we ſuppoſe the object to be removed. 
III. To avail myſelf of this remark, I farther ob- 
ſerve, that we ought not to ſay, that we ſee the 
moon greater in the horizon, than at a conſiderable 
Fe 5 his 1 18 abſolutely falſe, for we then ſee 
her even ſomewhat leſs. But to ſpeak accurately, 
ve ought. to fay that we judge and compute the 
moon greater when ſhe i is in the horizon; and this 
is literally true with the unanimous conſent of all 
mankind. This is ſufficient to reconcile the ap- 


parent contradiction formerly ſuggeſted ; for no- 


thing pre events our judging or computing the moon 
to be greater when ſhe riſes or ſets, though the is 


ſeen under a ſmaller viſual angle, 


IV. We are no longer, then, called upon to ex- 
plain why we ſee the moon greater in the horizon, | 
which 1 is s impoſſible, for, in — as then appears 
"IT 3 — ſmaller, — 


1 —— ̃ , CCA I 


406 


2 9 
"IV i 
by | 1 
17 
C l 1 & x 
1 I | . 
| 4 
| 1 
| 1 
1 
* 
14 | 
ö '* 
* 1 þ 
8 Be 
: 8 
1 


2 — — > —_ m— —_ J — SE? o 
a _ * " N * — 5 2 _ - * 7 53 . a — 
— 2 22 — 5 —— . — * — 22 e > of - 
© ien — 2 — — * * . q 5 od % 7 — — * 9 — 
La mg * K r n — 4 TOTS = To ON ? — os - — . A _ - \ 
_ — 1 3 — — 1 222 bs * —— 5 — 5 . — ** - - .—-M — 
= Y Bt — — — — — = 1 — — - ow *> - L on 
—— = = - \ — 2823 — - * * 7 — — W 2 
1 * = — * = n —2 = 8 — - — . 0 — - 
= —_— — : . — nb dad _ = - ir. me 4 N 10 
_ - - - \ ** Co NL — b x p - * 1 -— PR” 
. \ . * nd . Þ — a 2 by \ ds . * 2 * 
- - -_— : _ ** * > F » 2 22 - * by — - — 0 — 
2 — = 982893 — 2 — _ Fo — —— * 8 — - * — . <> 
2 * : — by a - 7 £ 5 
— * 2 n — 2 —— 2 — 2 - 
—— | = — —— x . ” , er — 22 N 
— oe . = A 74 —— — - . — . * — - - * 
d =_ — . — — * * 5 . —— . 2 — 7 - 
— - — _— . n — Q -4 . 1 
— — — — cs * 1 N 
5 a , * 4 . 8 


= 
if 
Au. wr wee 


n — 


— 


1 

40 RT 
Fr i 

| : F 

4 : ö 

If 

44 Y 


a%6 LETTERS TO 


ſmaller, as may be demonſtrated by meafuring the 

viſual angle. The difficulty, therefore, is reduced 
to this; Wherefore do we judge or compute the 
moon to be greater, when in thoſe ſituations? or 
rather, we muſt endeavour to account for this 
whimſical computation.” The thing is not ſurpriz- 
ing in itſelf, as we know a thouſand caſes in which 
we eſtimate objects to be very great, though We —— 
them under very ſmall angles. 


V. We have only to lay, then, that whin the 


moon is riſing or ſetting, we ſuppoſe her to be at a 
greater diſtance, than when ſhe has attained a cer- 
| tain elevation. Whenever this computation is ſet- 
tled, whatever may be the cauſe of it, the conſe- 
quence 1s neceſſary, that we muſt likewiſe conclude | 
the moon to be greater in proportion. For in 
every caſe, the more diftant we eſtimate any ob- 
| je to be, the greater we preſume it is, and this in 
the ſame proportion. As ſoon as I imagine, by 
5 whatever illuſion, that a fly paſſing cloſe before my 
| eye is at the diſtance of 100 paces, I am obliged, 55 
almoſt whether I will or no, to ſuppoſe it as many 
times greater as 100 paces exceed the real diſtance 
185 of the fly from my eyes. 


VI. We are now, therefore, reduced: to a new 


or queſtion: : Wherefore do we preſume that the moon 
is at a greater diſtance when ſhe-is ſeen in the ho- 
rizon? and, Wherefore is this illuſion fo univerſal 
as not to admit of a ſingle exception? For the illu- 
ſion of imagining that the moon is then at a much 


gout 
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greater diſtance is altogether vnaccountable. It is 


undoubtedly true that the moon is, then, really a 


little more diftant, as I demonſtrated in my laſt let- 
ter, but the difference is ſo trifling as to be imper- 
ceptible. Beſides, the ſun, though 100 times more 

diſtant than the moon, does not appear fo, and the 
eye eſtimates even the fixed ſtars as "ny at the 


ſame diſtance. 


I. 3 therefore, when the moon is in 
the horizon, ſhe is actually a little more diſtant, 
this circumſtance cannot affect the preſent queſtion; 

and this univerſal eomputation, which induces the 
whole world to imagine the moon to be then at a 
much greater diſtance than ſhe really is, muſt be 

| founded « on reaſons entirely different, and capable e 

of producing univerſal illuſion. For, as the com- 

putarion is unqueſtionably erroneous, the reaſons 

which determine us to make | it muſt cen be 5 


a very ſtriking. ” 


VIII. Some philoſophers 3 attempted to ex 
plain this phenomenon, by alleging, that it is oc- 
caſioned by the intervention of various objects be- 
teen us and the moon, ſuch a8 cities, villages, fo- | 
rreeſts, and mountains. This, ſay they, is the reaſon 
that ſhe then appears to be much farther off; 
£ whereas, when ſhe has attained a conſiderable ele- 
vation, as no other body intervenes, ſhe muſt ap- 
Pear to be nearer. But this explanation, however 
ingenious it may at firſt ſight appear, 1s deſtitute 
of ſolidity. On looking at the r moon in ache horizon, 
114 _ through = 
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through a ſmall aperture made in any body which 
ſhall conceal the intermediate objects, ſhe never- 
theleſs ſtill ſeems greater. Beſides, we do not al. 
ways imagine that objects, between which and us 
many other bodies interpoſe, are more diſtant. A 5 
great hall, for example, when quite empty, uſually 
appears much larger than when filled with company, 

| notwithſtanding the numerous objects then inter- 
poſed between us and the walls of r farmen. - 
20 . 1762. A 


LETTER cxII. 


| Ar Attempt mand the true Explanation of this Peer 
 menon : The Moon appears more diſtant when in 
the Horizon, J than when at a great Elevation. —_ : 


a E are till, then, very far from the true fol: 5 
tion of this univerſal illuſion, under which 
all, without exception, are induced to imagine the 


moon to be much greater when | in the horizon, than 


5 when conſiderably elevated. I have already 8 
marked, that this phenomenon i is ſo much the more 
unaccountable, from it's being demonſtrable that 


the moon's apparent diameter is then even ſome- 
what leſs: we ought not, therefore, to ſay, that 


we then ſee the moon greater, but that we imagine 
her to be o. 55 


| Accordingly 
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Accordingly, I have very often obſerved our 


1 of objects to differ very widely from vi- 


ſion itſelf. We do not heſitate, for example, to 
conclude, that a horſe 100 paces diſtant is larger 
than a dog one pace diſtant, though the apparent 


magnitude "of the dog 1s unqueſtionably greater, or. : 
which amounts to the ſame thing, though the image 
of the dog, painted on the bottom of the eye, be | 


greater than that of the horſe. Our judgment, in 


this caſe, is regulated by taking diſtance into the AC- 
count, and laying it down har the horſe 1 is much 
: 2 off than me dog, we conclude he | is much 5 


tion of diſtance was founded in truth; but here, as 


it! is abſolutely erroneous, the illuſion muſt be ſingu- 
larly unaccountable, but muſt, at the ſame time, have - 
a certain foundation, as it 8 prevalence is univerſal, 
55 and cannot, therefore, be imputed to caprice. 5 
Wherein can it conliſt ? 1 This is to be the ſubje& of f 


our preſent enquiry. 


I. Every one conſiders the azure - expanſe. of hea- : 
ven as a flattened arch, the ſummit of which is much 
nearer to us than the under part, where it meets the . 
horizon. A perſon, accordingly, ſtanding on a 


. A B . A. fg. 7 0 which extends as far as — 


"Kt i is very preduble 3 chat the ſame cir- 
cumſtance may take place reſpecting the moon's | 
appearance, and induce us to reckon the moon 
--—. greater, when | in the horizon, than at a conſiderable 
elevation. In the caſe of the horſe, our computa 
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his fight perceives the vault of heaven, commonly 
called the firmament, under the figure AEFB, in 
which the diſtances C A and CB are much greater 
than from the zenith to C. 

II. This idea is likewiſe, beyond all unifies, 
mere illuſion; there being, in reality, no ſuch vault 
furrounding and inclofing us on every fide. It is a 
void of immenſe extent, as it reaches to the moſt 


| diſtant ofthe fixed ſtars, an interval that far exceeds 
all power of imagination. I uſe the word void to 


diſtinguiſh it from grofs terreſtrial bodies. For, near 

the earth, ſpace is occupied by our atmoſphere ; and 

: beyond, by that fluid, JOY more e which = 
we call ether. 
„ hough this wack kbnkvee has 1 no real ex · 
Iftence, i it poſſeſſes an undoubted reality in our ima. 
: ginarion ; and all mankind, the philoſopher as well 
as the clown, are ſubject to the ſame illufion. On 5 


dhe ſurface of this arch we imagine the ſun, the moon, 


and all the ſtars to be diſpoſed, like fo many bril- 


| Hant ftuds affixed to it; and though we have a 


perfect conviction of the contrary, we cannot — 


= giving into the illuſion. e 
0% TY; This being laid down, when the moon id: 


a horizon, i imagination : attaches her to the point A 

or B of this ſuppoſed vault, and hence we conclude 

her diſtance to be as much greater as we confider 
the line CA or CB to be greater than CZ; but 

| when, as ſhe aſcends, and approaches the zenith, we 

. imagine ſhe comes nearer, and if ſhe reaches the 
| 1 very 
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very zenith we think ſhe is at the leaſt poſſible diſ- 
tance. 
V. The illuſion, as to diſtance, neceſſarlly in- 


volves that which reſpects magnitude. As the 
moon at A appears much farther from C, than in the 
zenith, we are, in a manner, forced to conclude, that 
the moon is really ſo much greater; and that 1 in the 
fame proportion that the diſtance CA appears to 
exceed the diſtance CZ. All will not, perhaps, 
agree in determining this proportion ; one will ſay, 


the moon appears to him twice as great, when in the 


that the moon appears larger. 


each other, the difference being imperceptible. ; 


VII. But, in the firſt caſe, as we eſtimate the 

' moon's diſtance to be much greater, or equal to the 

R line CA, with reference to the imaginary vault 

above deſcribed, it follows, that we compute the 

moon's diameter to be equal to the line MA. But, — 
in 


horizon; another will ſay three times, and the ge- 
5 nerality will declare for the medium between two and | 
three; but every one will infallibly agree in n aſſerting 7 


VI. It may be neceflary, here, to preſent you with 
the demonſtration of this propofition. The computa- 
tion of magnitude 18 neceſſarily involvedi in the compu- 
tation of diſtance. When the moon is near the hori- 
zon, we ſee her (plate X. fig. 8. ) under a certain 

angle, ſay M CA, the ſpectator being at C: and, 
when ſhe is at a very great elevation, let N CD be the 

. angle under which we ſee her. It is evident that theſe 
two angles MC A and N CD are nearly equal to 
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in the other caſe, the diſtance of the moon C D ap- 
pears much ſmaller, and, conſequently, as the angle 

NCD is equal to the angle M C A, the computed 

magnitude D N will be much ſmaller than the 
computed magnitude A M. 
VIII. To put this beyond a. doubt, you kave 
” only to cut off from the lines CM and CA, the 
parts C d and Cn <qual to the lines CD and CN; 
and as in the two triangles Cdn and CDN, the 
angles at the point C are equal, the triangles them- 
ſelves are likewiſe ſo, and, conſequently, the. line 


DN will be equal to the line 4 n; but an 


evidently ſmaller than A M, and that, as many times 
: as the diſtance C 4 or C Di is leſs than SA I. 

zs a clear demonſtration of the reaſon why we eſti. 
mate the moon to be greater when in the horizon, 7 


than when near the zenith, 


295 April. 1762. 


LET TER xm. 


_ The Heavens appear under the Form of 6 an Arch | 
e | flattened toward the Zenith. 


o will tax me, no doubt, with ER IR to | 


5 explain one illuſion by another equally unac- 
de It may be ſaid, that the imaginary 
vault of heaven is altogether as inconceivable as 


the increaſed appearance 1 the moon and the other 


1 heavenly bodies, when 1 in, © or r near, the horizon. The . 
. —  objedtion - 
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objection is not without foundation, and therefore 
lays me under the neceſſity of attempting to ex- 
Plain the true reaſon, why the heavens appear in 
the form of an arch flattened toward the ſummit. 
The following reflections may, perhaps, be received 
as an acquittance of my engagement. 

I. In order to account for this imaginary vault, 


it will be alleged that it proceeds from the appear- - 


ance of the heavenly bodies, as ſeeming more re- 


mote, when 1n the horizon, than when near to, or 
in, the zenith. This is, undoubtedly, a formal peti- 5 
tio principii, as logicians call ir, or a begging of the 
queſtion, which every one is entitled to reject as a 
ground of reaſoning. In truth, having ſaid above, - 
that the imaginary vault of heaven ker the moon, 


in the horizon, appear farther off than when near 


the zenith, it would be ridiculous to affirm, that 

the thing which leads us to imagine the exiſtence 
of ſuch a vault is, that horizontal objects e 
more diſtant than vertical. NT 
II. It was not, however, uſeleſs to ſuggeſt the - 
Hes of this 1 Imaginary vault, though it may not 
carry us a great way forward; and after I ſhall 
have explained, wherefore the heavenly bodies 
appear more remote when viewed near the horizon, = 
you will be enabled to comprehend, at the fame 
time, the reaſon of that two-fold univerſal illuſion, 
namely, the apparently increaſed magnitude of the 
heavenly bodies, when in the horizon, and rhe flat- 


tened arch of heaven, 
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III. The whole; then, reverts to this, n. 
w wheretore the heavenly bodies, when ſeen in the ho- 
rizon, appear more remote than when at a conſider- 
able elevation: I now affirm, it is becauſe theſe ob- 
jects appear leſs brilliant; and this impoſes on me 
the double taſk of demonſtrating, why theſe objects 
diſplay leſs brilliancy- when in, or near, the horizon ; 
and of explaining, how this cireumſtance neceſſaril 
involves the idea of a greater diſtance. I flatter 
myſelf I ſhall be enabled to diſcharge both of theſe 
to your ſatisfaction. 
IV. The phenomenon half will not be called i 8 


1 queſlion. However greater the ſun's luſtre may be 
agæKt noon, which it is then impoſſible to aſcertain, you. 

know that in the morning and evening, when he is 

frlaiſing or ſetting, it is poſſible to contemplate his 


1 body, without any injury to the eye; and the ſame . 


thing takes place with reſpect to the moon and all | 


dhe ſtars, whoſe brilliancy is greatly diminiſhed in 


the vicinity of the horizon. We, accordingly, do 
not ſee the ſmaller ſtars when at a ſmall elevation 33 
aꝛbove the horizon, though they are fuſficienty diſ- 5 
ce.ernible at a certain height. T— 
V. This being eſtabliſhed beyond : a poſſibility of 5 
5 doubt, the cauſe of this difference of illumination re- 


mains to be inveſtigated. It is abundantly evident 
that we can trace it only in our atmoſphere, or the 


| body of air which. encompaſſes our earth, in as far 


zs ĩt 18 not perfectly tranſparent. For if it were, ſo 


Th all the rays ſhould be tranſmitted through it, 


without : 
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| without undergoing any diminution, there could be 
no room to doubt, that the ſtars muſt always ſhine 
with the ſame luſtre, in whatever region of the hea- 
vens they might be diſcovered. 

VI. But the air, a ſubſtance much mw fine EY 
ſubtile than ether, whoſe tranſparency is perfect, is 
continually loaded with heterogeneous particles, 
riſing into it above the earth, ſuch as vapours and 


tion ; and you know that a very thick miſt deprives 


the air of almoſt all it's tranſparency, to ſuch a de- 
gree, that it is frequently impoſſible to diſtinguiſh 
ET W at three paces diſtance. 
VII. Let the points marked, in Nat X. i; 9. 
| repreſent ſuch particles, ſcattered through the air, 
whoſe number is greater or leſs, according as the 
air is more or leſs tranſparent. It is evident, that 
many of the rays, which pervade that ſpace, muſt 
be loſt, and that the loſs muſt be greater, 1 in propor- 
= tion as the ſpace which they had to run through that 
air is greater. We ſee, then, that diſtant objects be- 
come inviſible i in a fog, while ſuch as are very near 
the eye, may be ſtill perceptible; becauſe the rays 
of the firſt meet, in their progreſs, a greater number 


5 of Particles | which obſtruC: their tranſmiſſion. 


F VIII. We - 


exhalations, which deſtroy it's tranſparency ; ſo that 
ifa ray ſhould fall in with ſuch a particle, it would 
be intercepted, and almoſt extinguiſhed by it Its 
accordingly evident, that the more the air is loaded 
with ſuch particles, which prevent the tranſmiſſion. 
of light, the more rays muſt be loſt by the i intercep- 
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VIII. We muft hence conclude, that the longer 
the ſpace is, through which the rays of the heavenly 
| bodies have to paſs through the atmoſphere, in order 

do reach our eyes, the more conſiderable muſt be 

their loſs or diminution. Of this you can no longer 

entertain any doubt. All that remains, then, is ſim- 
ply to demonſtrate, that the rays of the ſtars which 
we ſee in, or near, our horizon, have a longer ſpace 
of the atmoſphere to pervade, than when nearer the 
zenith. When this is done, you will eaſily compre- 


bend, why the heavenly bodies appear much leſs . 


brilliant when near the horizon, than at the time of 
kiſing and ſetting. This ſhall be the . of „ 
meln. - 


| f 5 off Moy, 1762. 


LETTER. cxlw. 


e Regjn afigud for the Fang; of the Light ef 7 44. 


ven Bodies i in the Horizon. . 


THAT 1 bare jut advanced, 3 that 
the rays of the heavenly bodies, when in the 
horizon, have a larger portion of our atmoſphere to 
pervade, may appear ſomewhat paradoxical, conſi- 


dering that the atmoſphere univerſally extends to 


the ſame height, ſo that, at whatever point the ſtar 
may be, it s rays muſt always prvcunee through the 


wh ole A 
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whole of that height, before it can reach our eyes. 
The following reflections, I flatter myſelf, will give 
you complete ſatisfaction on the ſubject. 


I. It is, firſt of all, neceſſary to form a juſt idea of i 


the atmoſphere which furrounds our globe. For 
this purpoſe, the interior circle AB C D (plate X. 


Fg. 10.) ſhall repreſent the earth, and the exterior 


dotted circle a 4 c d ſhall mark the height of the at- 
moſphere. Let it be remarked that, univerſally, 


in proportion as the air riſes above the ſurface of 
the earth, it becomes alwavs more tranſparent and 
ſubtile, ſo that, at laſt, it is imperceptibly loſt in the | 


ether, which fills the whole expanſe of heaven. 


. The groſſer air, that which is moſt loaded 
= with the particles that intercept and extinguiſh 7 
2, the rays of light, is univerſally found in the lower 


regions, near the ſurface of the earth. It becomes, 


therefore, more ſubtile as we aſcend, and leſs ob- 
ſtructive of the light; and, at the height of a Ger- 
man mile, has become ſo trunſparent; as to occa- 
ſion no perceptible obſtruction whatever, of the 
light. The diſtance, then, between the interior cir= _ 
cle and the exterior, may be fixed at a German mile, . 
nearly, whereas the ſemi· diameter of the globe con- 


rains about 860 of ſuch miles : : fo that the height of 


the atmoſphere is a very ſmall matter, compared = 


with the magnitude of the globe. 


III. Let us now condder, 1 plate * fe. 11 13 a 
| ſpectator at A, on the ſurface of the earth; and draw- 


ing from the centre of the E gone G, through As the 


= 2 Il. Y ES line 1 
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line G Z, it will be directẽd toward the zenith of 
the ſpectator. The line A 8, which is perpendicu- 
lar, and touches the earth, will be horizontal to it. 
Conſequently, he will ſee a ſtar at Z in his zenith, or 
in the ſummit of the heavens ; but a ſtar at 8 wilt 
appear to him in the horizon, at it's riſing or ſetting, = 
Each of theſe ſtars may be conſidered as infinitely 
diftant from the earth, though it was impoſſible to 
. . this in the figure. . 
TV: Now you have only to caſt your eye once 
more on the figure, to be ſatisfied that the rays: 
proceeding from S have a much longer ſpace to 


_ travel through the atmoſphere, than thoſe from the 


ſtar Z, before they reach the ſpectator at A. Thoſe 
from the ſtar Z have only to paſs through the per- : 
5 pendicular height of the atmoſphere a A, "which is 
not above a German mile; whereas thoſe that come 
from the ſtar S have to travel the whole ſpace b A, 
which is evidently much longer; and could the 
figure be repreſented more conformably to the fact, 
ſo as to exhibit the radius G A 860 times longer —- 
than the height A a, we ſhould find the diſtance A 5 
to exceed 40 ſuch miles. 1 5 
5 V. It is farther of importance to temat; that 5 
the rays of the ſtar Z have but a Rents ſmall ſpace 


=> ſphere, which 1s mot loaded with vapour; 3 
the rays of the ſtar S have a much longer courſe to 
perform through that region, and are obliged to 


5 N if 2 may uſe the * along the ſur- = 
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face of the earth. The concluſion, then, is ob- 


vious. The rays of the ſtar Z undergo fcarcely 


any diminution of luſtre, but thoſe of the ſtar S muſt 
be almoſt extinguiſhed from ſo long 4 paſſige : 


through the groſſer air. 


VL It is indiſputably certain, thek, that the 


aw which we ſee in the horizon, muſt appear 


with a luſtre extremely diminiſhed ; and it will 
fimply-account to you for a well-known fact, that 
you can, without any inconvenience, fix your eyes 
- ſteadily on the rifing or ſetting ſun, whereas at 
Hoon, or at a conſiderable elevation, his luſtre i "us 
inſupportable. This is the firſt point I undertook 
to demonſtrate ; I proceed to the ſecond, namely, 5 
to prove that it is the diminution of light which 
forces us, almoſt, to imagine 1 the heavenly bodies at 
a much greater diſtance, than when we ſee them! in 


| 5 all their luſtre. 


VII. The reaſon muſt be Fought in | zoereſirial 
bodies, with which we are every day converſant, 
and reſpecting whoſe diſtance we form a judgment. . 

But for the ſame reaſon that rays of light, in paſ- 7 
ſing through the air, undergo ſome diminution of 
luſtre; it is evident, that the Rather an object is re- 

moved from us, the more of it's luſtre it loſes, and 

the more obſcure it becomes in proportion. Thus 

a very diſtant mountain appears quite dark; but, 5 

oma nearer approach, we can eaſily diſcover trees 

on it, and other minuter objects, which it was im- 


Pollible to diftinguiſh at a very remote diſtance. 


5 VIII. This 


_— 
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VIII. This obſervation, ſo general, and which 
never miſleads us in contemplating terreſtrial bo- 
dies, has produced in us, from our childhood, this 
fundamental principle, from which we conclude ob- 
jects to be diſtant in proportion as the rays of light 
which they emit are weakened. It is in virtue of 
this principle, therefore, that we conclude the 1 moon 
to be farther off at riſing and ſetting, | than at a con- 
ſiderable elevation; ; and for the ſame reaſon we 
| conclude ſhe is ſo much greater. You will, * 
flatter myſelf, admit this reaſoning to be ſolid; 
and this embarraſſing phenomenon to be as clearly 
elucidated as the nature of the ſubje& permits. — 


4 May, 1 


IETER xv. 


Jl on ret g the Ditance of Objefs, and the 
| Diminution of Lure. „„ 


MB H E principle of o our imagination, 85 ENT I - 
have endeavoured to explain the phenomenon — 
_ of the moon's greater apparent magnitude in the ho- 
rizon than at a conſiderable elevation, is ſo deeply 
rooted in our nature as to become the ſource of a 
thouſand ſimilar fins, ſome of which I wil take 
— che e to age, — 
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We have been habituated from infancy, almoſt 
involuntarily, to imagine objects to be diſtant in 
proportion as their luſtre is diminiſned: and, on the 

other hand, very brilliant objects appear to be nearer 

than they really are. This illuſion can proceed 
only from an ill- regulated imagination, which very 
frequently miſleads. us. It is nevertheleſs ſo natu- 
ral, and ſo univerſal, that no one is capable of - 
guarding againſt it, though the error, in many 
| caſes, is extremely palpable, as 4 have ſhewed 1n 
the inſtance of the moon: but we are equally de- 
ceived in a variety of other inſtances. As I ſhall 
preſently make appear. COS, 
1. It is a well-known illuſion, that the flame of 
a , conflagration, i in the night, appears much nearer 
| than it really is. The reaſon is obvious; ; the fire 
| blazes in all it's luſtre, and in conformity to a prin- 
| ciple pre- -eſtabliſhed 1 in the ! imagination, we always 5 
| conclude it to be nearer than it is in reality. 

II. For the ſame reaſon, a great hall, the walls 
of which are perfectly white, always appears ſmaller. 
White, you know, is the moſt brilliant colour: 

hence we conclude the walls of ſuch an apartment 
to be too near, and, conſequently, the apparent mag- | 
nitude is thereby diminiſhed. 

III. But in an apartment hung with black, as is 
he cuſtom in mournings, we perceive the directiy 
ppoſite effect. The apartment now appears con- 
iderably more ſpacious than it really is. Black is, 


__ndeniablly,” the moſt 2 of f colours, for Ut re⸗- 


502 LETTERS 10 


flects ſcarcely any light on the eye; hence the walls 
of an apartment in deep mourning ſeem more diſ- 
tant than they are, and conſequently greater; but 
let the black hangings be removed, and the white 
colour re. appear, and the apartment will ſeem e con- 
tracted. 
IV. No claſs of men avail themſelves more ; of this 
: ated and univerſal illufion than painters. The 


ns picture, you know, repreſents ſome objects 


as at a great diſtance, and others as very near; and 
here the kill of the artiſt is moſt conſpicuous. It 


z, not a little ſurprizing, that though we know, to 


abſolute certainty, all the repreſentations of a pic- 


| ture to be expreſſed on the ſame ſurface, and, con- 


ſequently, : at nearly the ſame diſtance from the eye, | 
we ſhould be, nevertheleſs, under the power of illu- 
ſion, and imagine ſome to be quite near, and others 


cribed to a dextrous management of light and ſnade; 
which, undoubtedly, furniſh the painter with end- 
leſs refources. But you have only to look at a 
paicture to be ſenſible, that the objects intended to be 


thrown to a great diſtance, are but faintly and even 
indiſtinctly expreſſed. Thus, when the eye is di- | 


rected to very remote objects, we eaſily perceive, 
tor example, that they are men, but it is impoſſible 


do diſtinguiſh the parts, ſuch as the eyes, the noſe, . 
the mouth; and it is in conformity to this appear- 


ance, that the painter repreſents objects. But thoſe 
FVhich he inte nds ſhould appear cloſe to us, he diſ- 


Cr 09 gs 2 


: extremely diſtant, This illuſion is commonly a- 
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plays i in all the brightneſs of colouring, and 1s at 
pains clearly to expreſs each minute particular, If 
they are perſons, we can diſtinguiſh the ſmalleſt 


lineaments of the face, the folds of the drapery, &c. : 
this part of the Tepreſentation ſeems, I may ſay, to 
riſe out of the Canvas, while other parts appear to 


ſink and retire. 


. V. On this illuſion, dere the whole art of i 
painting entirely reſts. Were we accuſtomed to 
form our judgment in ſtrict conformity to truth, 

this art would make no more impreiſion on us chan 
if we were blind. To no purpoſe would the painter 
call forth all his powers of genius, and employ the 
- happieſt arrangement of colours, we ſhould coldly 
affirm, on that piece of canvas, there is a red ſpot, 
4 here a blue one; there a black ſtroke, here ſome 
whitiſh lines : every thing i is on the ſame plane ſur- 
face; there i is no riſing nor ſinking ; ; therefore no 
real object can be repreſented in this manner: the 
whole would, in this caſe, be conſidered as a ſcrawl- 
ing on paper, and we ſhould, perhaps, fatigue our- 
ſelves to no purpoſe, in attempting to decypher 
the meaning of all theſe different coloured ſports. 

Would not a man, in ſuch a ſtate of perfection, be 

an object of much compaſſion, thus deprived of the 

E pleaſure reſulting from the productions of an art, 


at once ſo amuling, , and lo inſtructive ? 95 
305 May, 1762. | 
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LETTER CXVI. 


On the Azure Colour of mw Heavens. 


V OU are now enabled to comprehend the 


reaſon why the ſun and moon appear much 


greater when | in the horizon, than at a conſiderable 


elevation. It conſiſts in this, that we then unin- 
tentionally compute theſe bodies to be at a greater 
diſtance, a computation founded on the very conſi- 


derable diminution which their luſtre, f in that poſi- : 
„ tion, undergoes, from the longer paſſage which the 
| rays have to force, through the lower region of 
he atmoſphere, which is the moſt loaded with va- 
pours and exhalations, whereby the tranſparency 
diminiſhed. This is a brief recapitulation of the re- 


flections which I have taken the e to ſuggeſt on 
: this 3 8 


This quality of the air, which diminiſhes tranſpa- 


rency, might, at firſt ſioht, be conſidered : as a defect. 
But on attending to conſequences, we ſhall find it ſo 
far from being fach, that we ought, on the contrary, 
to acknowledes | in it the infinite wiſdom and good- 
neſs of the 3 To this! impurity of the air 
we are indebted for that wonderful and raviſhing | 
ſpectacle which the azure of the heavens preſents to 
the eye; for the opaque particles, which obſtruct te 
Trays of light, are illuminated by them, and afterwards 


22 tranſmit 
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re-tranſmit their own proper rays, produced in their 
ſurface by a violent agitation, as is the caſe in all 


opaque bodies. Now, it is the number of vibra- 
tions communicated to them, which repreſents to 


us this magnificent azure: a circumſtance which 


well deſerves to be completely unfolded. 
* obſerve, firſt, that theſe particles are ex- 
tremely minute and conſiderably diitant from each 


other, beſides their being delicately fine and almoſt 
wholly tranſparent. Hence it comes to pals, that 
each, ſeparately, 1 18 abſolutely imperceptible, ſo that 
vue can be affected by them only when a very great 5 
number tranſmit their rays at once to the eye, and 
nearly in the ſame direction. The rays of ſeveral 8 
mit, therefore, be eee in order to excite a 
= ſenſation. | = 5 
II. Hence it clearly been, that ſuch of theſe 
particles as are near us eſcape our ſenſes, for they 


muſt be conſidered as points. diſperſed through the 
maſs of air. 


But ſuch as are very diſtant from the eye, as 

: ( plate Xl. Ig. 1.) the points 4 c collect in the eye, 
almoſt according to the fame direction, their ſeve- 
ral rays, which, thus, become ſufficiently ſtrong to 
affect the ſight, eſpecially when! it 18 conſidered chat 5 
ſimilar particles more remote, e f gh, as well as 


others more near, concur in producing this effect. 
III. The azure colour which we ſee in the hea- 
vens, when ſerene, is nothing elſe, then, but the 


— an of all cheſe e diſperſed through the 
_ atmoſphere, 
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atmoſphere, eſpecially of ſuch as are very remote: 
it may be affirmed, therefore, that they are in their 


nature blue, but a blue extremely clear, which be- 


comes not ſufficiently deep and perceptible, except 
when they are in a very great number, and unite 
their rays according to the ſame direction. 


IV. Art has the power of producing a fimilar 


effect. If, on diſſolving a ſmall quantity of indigo, . 
in a great quantity of water, you let that water fall 
drop by drop, you will not perceive in the ſeparate 

8 drops the ſlighteſt appearance of colour; and on 
Pouring ſome of it into a ſmall goblet, you will per- 

Ceive only a faint bluiſh colour. But if you fill a 
large veſſel with the ſame water, and view it : + 2: 

diſtance, you will perceive a very deep blue. The 
fame experiment may be made with other colours. : 
Burgundy wine, in very ſmall quantities, appears Dy 

_ only to be faintly reddiſh, but in a large flaſk com- 
pletely filled, the wine appears of a deep „ 


V. Water, i in a large and deep veſſel, preſents 


ng ſomething like colour, but, in a ſmall quantity, is 
altogether clear and limpid. This colour is, com- 
„ monly, more or leſs of a greeniſh caſt, which may 
Varrant us in ſaying, thar the minute particles of 
water are likewiſe fo, but of a colour ſo delicately 
fine that a great maſs of it muſt be collected, before 
tte colour can be perceptible, becauſe the rays of a 
multitude of 7 then concur toward * Wo 
ing this effect. 


* „ 
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vl. As it appears probable, from this obſerva- 
tion, that the minute particles of water are greentfh, 
it migit be maintained, that the reaſon why the ſea, | 


or the water of a lake or pool, appears green, is the 


very ſame that gives the heavens the appearance of = 
azure. For it is more probable, that all the parti- 


cles of the air ſhould have a faintly bluiſh caſt, but 


| fo very faint, as to be imperceptible till preſented 
in a prodigious maſs, ſuch as the whole extent of 
the atmoſphere ; than that this colour is to be aſerib- 
ed to vapours floating 1 in the air, but which do not 
appertain tw it, . 

VII. In fact, the purer the air is, and the more 
purged from exhalation, the brighter is the luſtre 
of heaven's azure; which is a ſufficient proof, that 

| we muſt look for the reaſon of it, in the nature of 
the proper particles of the air, Extraneous ſub- 


ſtances mingling with it, ſuch as exhalations, be- 
come, on the contrary, injurious to that beauti- 


ful azure, and ſerve to diminiſh it's luſtre. When 

the air is overloaded with ſuch vapours, they pro- 
duce fogs near the ſurface, and entirely conceal . 
from us the azure appearance; when they are 


more elevated, as is frequently the caſe, they form 5 


clouds, which frequently cover the whole face 
of the ſky, and preſent a very different colour 
from that of this azure of the pure air. This, then, 
zs a new quality of air, different from thoſe for- 
n n Wy Ay. and elaſticity; 
namely, 


% LET T ERS TO 


namely, the minute particles of air, are in their 
nature bluiſn. 


11th May, 1762. 


LETTER cxvll. 


1. bat FY Appearance 90055 be, + were the Air per- 
Fes 20 tranſparent. 


| NDEPENDENT of the beautiful etch of 
1 the azure heavens, procured for us by this colour 
of Fee circumambient air, we ſhould be miſerable i in 
the extreme, were it perfectly tranſparent, and di- 
| veſted of thoſe bluiſh particles; and we have here a 
new reaſon for adoring the infinite wiſdom and 
? goodnefs of the CREATOR, on. 
That you may have full conviction of the truth 
of my aſſertion, let us ſuppoſe the alr to be quite 
tranſparent, and ſinilar to the ether, which, we 
know, tranſmits all the rays of the ſtars, without ns. 


tercepting fo much as one, and contains no particles i 


theraſelves illuminated by rays, for ſuch a particle 
could not be fo, without! intercepting ſome of the 
rays which fell upon it. If the air were in this 
ſtate, the rays of the ſun would paſs freely through 
it, without the re-tranſmiſſion of any light to the 


eye: we ſhould receive, when, thoſe rays only which . 


came 
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came to us immediately from the ſun. The whole 
heavens, except the ſpot occuiped by the ſun, would 
appear, therefore, completely dark; and, inſtead of 
this brilliant blue, we ſhould diſcover. nothing, on 
looking upward, but the — black and the moſt 
profound night. - 
Plate XI. fg. 2, repreſents the ſun; and he point 
O is the eye of a ſpectator, which would receive, 
from above, no other rays. but thoſe of the ſun, ſo 
that all illumination would be limited to the ſpace 
of the ſmall angle EOF. On directing | the eye to- 


ward any other quarter of the heavens, ſay toward 


M, not a ſingle ray would be emitted from it; and 


- | the appearance would be the fame as if we looked 


into total darkneſs; 3 now, every place which tranſ- 
mits no ray of light! is black. But, here, the ſtars 
muſt be excepted, which are ſpread over the whole 
face of the heavens; for e on directing the eye toward 


M, nothing need prevent the rays of the ſtars which 7 


may be in that quarter, from entering into it; nay, 
they would have even ſtill more force, as they 
could ſuffer no diminution of luſtre from the at- 
moſphere, ſuch as I am now ſuppoſing it. All- 


the ſtars, therefore, would be viſible at noon- day, 55 


as in the darkeſt night; but, it muſt be conſidered, 


that this whole day would be reduced to the ſpace 

of the little angle EOF; all the reſt of the hea- 

vens would be black as night. 

„ At the ſame time, * near the ſun would be 

inviſible and we thows not be able to ſee, for ex- 
ample, 
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ample, the ſtar N, for on looking to it, the eye 
would likewiſe receive the rays of the ſun, with 
which it muſt be ſtruck ſo forcibly, that the feeble 
light of the ſtar could not excite any ſenſation. -I 
fay nothing of the impoſſibility of keeping the eye 
open, in attempting to look toward N. This is too 
obvious not to be underſtood. 
But on oppoſing to the ſun an opaque body, 
which ſhall intercept his rays, you could not fail to 
ſee the ſtar N, however near it might be to the ſun, 
It is eaſy to comprehend in what a diſmal ſtate we 
ſmhould then be. This proximity of luſtre inſup- 
5 portable, and darkneſs the moſt profound, muſt de- 
ſtroy the organs of viſion, and quickly reduce us to 
total blindneſs. Of this ſome judgment may be 
formed from the inconvenience we feel on paſſing 
ſuddenly from darkneſs into light. 

New, this dreadful inconvenience is s complerely 
remedied by the nature of the air, from it's contain- | 
ing particles opaque to a very ſmall degree, and ſuſ- | 
ceptible of illumination. Accordingly, the moment 
the ſun is above the horizon, nay ſomewhat earlier, 
the whole atmoſphere becomes illuminated with his 


rays, and we are preſented with that beautiful azure _ 


which I have deſcribed, ſo that our eyes, whichever 
way directed, receive a great quantity of rays, ge- 
nerated in the ſame particles. Thus, on looking 
toward M, (ee the ſame figure as before) we per- 
ceive a great degree of light, produced by. this bril= 
ant azure of the heavens, — 


This : 
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This very illumination of the atmoſphere pre- 
vents our ſceing the ſtars by day: the reaſon of this 
is obvious. It far exceeds that of the ſtars, and the 
greater light always makes the leſſer to diſappear; 


and the nerves of the retina, at the bottom of the 


| eye, being already ſtruck by a very ſtrong light, are 

no longer ſenſible to the impreſſion made by the 

feebler light of the ſtars,” 

| You will pleaſe to recolle&t that the lighe of the 

full moon is upward of 300, ooo times more faint 

than that of the ſun ; and this will convince you, that 
the light proceeding from the ſtars, is a mere no- 
thing in compariſon with the light of the ſun. But 

the Nomination of the heavens, in the day-time, 
even though the ſun ſhould be over-clouded, is ſo 
great, as many thouſand times to exceed the light of 
the full moon. 

You muſt have e frequently perceived that, in ihe : 
night, when the moon is full, the ſtars appear much 
leſs brilliant, and that thoſe only of ſuperior 1 magni - 
tude are viſible, eſpecially in the moon's vicinity; a 

ſufficient proof, that the ſtronger light always ab- 
| ſorbs the eher 

It! is, then, an unſpeakable benefit, that our atmo- - 
; ſphere begins to be illuminated by the ſun, even ba- 
fore he fiſes, as we are thereby prepared to bear the 

vivacity of his rays, which would otherwiſe be in- 
ſupportable, that is, if the tranſition from night to 

day were inſtantaneous. The ſeaſon during which 
the atmoſphere 1 1s gradually illuminated before ſun- _ 
riſing, 
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riſing, and continues to be illuminated after he ſets, 
is denominated twilight. This ſubject, from it's 
importance, merits a particular explanation, which 
I propole to attempt in my next Letter : and thus, 
one article in Phy ſics naturally runs into another. 
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: Refrattion f Rays of Light i in 1 the Atmoſphere, at 17 s | 
Effects. Of ihe Twilight., Of the apparent rift ng 
and ſetting f the Heavenly Bodies. 5 


TN der; to explain the of . twilight, 
or that illumination of the heavens which pre- 
cedes the riſing of the ſun, and continues ſome 


time after he is ſes, I muſt refer you to what has 


been already demonſtrated reſpecting the horizon 1 
and the atmoſphere. ET 


Let the circle A O B D (plate XL fg. 3.) re 
= preſent the earth, and the dotted eircle aobd 
© me atmoſphere : let a point O be aſſumed on the 


ſurface of the earth, through which draw the ſtraight 
line HO RI, touching the earth at O, and this 
Ine H I will repreſent the horizon, which ſeparates 
_ that part of the heavens which! is viſible to us, from 


that 


that which is not. As ſoon as the ſun has reached 
this line, he appears in the horizon, both at riſing 


and ſetting, and the whole atmoſphere is then com- 
pletely illuminated. But let us ſuppoſe the ſun, be- 
fore his riſing, to be ſtill under the horizontal line 
at S: from which the ray S T R, grazing the earth 
at T, may reach the point of the atmo phere, ſituat-. 
ed in our horizon; the opaque particles which are 
there will already be illuminated by that ray, and 
conſequently have become viſible. Accordingly, 
ſome time before the riſing of the ſun, the atmo- 
ſphere ho R over our horizon begins to be illumi- 
nated at R, and in proportion as the ſun approaches = 
the horizon, a greater part of it will be illuminated, 


till} it becomes, at length, completely luminous. 


This reflection leads me forward to another phe- - 
nomenon equally intereſting, and very intimately 
5 connected with it, namely, that the atmoſphere diſ= 
covers to us the body of the ſun and of the other 
ſtars, ſome time before they get above the horizon, 
and ſome time aſter they have fallen below it, by 
means of the refraction which rays of light undergo 
on paſſing from the pure ether into the; groſſer air, 5 
5 which conſtitutes our atmoſphere; of this 1 ad _ 


ceed to give you the demonſtration. 


1. Rays of light do not continue to proceed for⸗ 
ward in a ſtraight line any longer than they move 
through a tranſparent medium of the ſame nature. 
As ſoon as they paſs from one medium to another, 
they are diverted from their rectilinear direction, 
Vor. II. Ll 5 their 


— 
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their path is as it were broken off; and this is what. 
we call refraction, which I formerly explained at 
confiderable length, and demonſtrated that rays, on 
| paſſing from air into glaſs, and reciprocally, are 
thus broken or refracted. 
II. Now air being a different medium from 
ether, when a ray of light paſſes from ether into air, 
it muſt, of neceſſity, undergo ſome refraction. 


Thus, the arch of the circle AMB (plate XI. 


Ne. 4.) terminating our upper atmoſphere, if a ray 


os light M 8, from the ether, falls upon it at M, it 


will not proceed ſtraight forward in the ſame direc- 


tion M N, but will aſſume, on entering into the _ 
che direction M R, ſomewhat different from MN, 


and the angle N M R is denominated the angle of _ 
refr action, or, ſimply, the refraction. „ 


III. I have already remarked, chat the refraction 
is u Proater in proportion as the ray S M falls more 


| obliquely on the ſurface of the atraoſphere ; or as the 


angle BMS is ſmaller or more acute. For if the ray 


I M falls perpendicularly on the ſurface of the at- 
8 moſphere, that is, if the angle B M S is a right 
angle, no refraction will take place, but the ray 


witl purſue. it's progreſs in the ſams ſtraight line. 

This rule is univerſally applicable to every kind 
ol reſraction, whatever may be the nature of the 

two media, through which the rays travel. 


IV. Let the arch of the circle AO B . plate XI. —_ 


. 30 r epreſent the ſurface of the- earth, and the 
arch EM F terminate the atmoſphere. If you 
ee draw 
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draw at O the line O MV, touching the furface of 
the earth at O, it will be horizontal. And if the 
ſun is ſtill under the horizon at 8, ſo as to be ſtill 
inviſible (for no one of his rays can yet reach us in 
a ſtraight line) the ray S M, being continued in a 
a Kraight line, would paſs over us to N; but as it falls 
on the atmoſphere at M, and in a very oblique di- 
rection, the angle FMS being very acute, it will 
thence undergo a very conſiderable re fraction; 
and inſtead of proceeding forward to N, would 
f aſſume the direction M O, ſo that the ſun would be 
actually viſible to a perſon at O, though ſtill con- 
ſiderably below the horizon at S, or, which 3 18 the : 
fame thing, below the horizontal line OMV. 
However, as the ray MO, which mects the eye, ” 
is horizontal, we aſſign that direction to the ſun him- | 
ſelt, and imagine kim to be actually at V, that is, in 
the horizon, though he 1 is ſtill below it. And reci- 
procally, as often as we ſee the ſun, or any other ſtar, 
in the horizon, we are affured they are ſtill below it, 
according to the angle SMV, which aſtronomers 
have obſerved to be about half a degree, or, more ; 
exactly, 32 minutes. = 
VI. In the morning, then, v we ſie the fi before 5 
he has reached our horizon, that is, while he is yet 
an angle of 32 minutes below n; and in the even- 
ing a conſiderate time aſter he is really ſet, as we 
—_ ee him till he has deſcended an angle of 22 mi- 
nutes. We call that the true ning and ſetting of 
the ſun, when he is actually i in the rod; and the 
commencement of his PER. in the morning, 
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and diſappearing at night, we denominate the appa- 
rent riſing and ſetting. 

VII. This refraction of the atmoſphere, which 
renders the apparent riſing and ſetting of the ſun 
both earlier and later than the real, procures ſor 
us the benefit of a much longer day than we ſhould 
enjoy, did not the atmoſphere produce this effect. 


— Such is the explanation of a very important phe- — 


nomenon in nature. 


— 1 87⁵ May, 1762, 


LETTER cxix. 


TN be Stars appear a at a greater Elevation than they 
are. —T able of Refraflions. 


IJ ou have now, no > doubt, a clear RY of this | 


| ſingular effect of our atmoſphere, by which 8 


| the ſun and the other heavenly bodies are rendered - 


Ss viſible 1 in the horizon, though conſiderably below it, 
. whereas they would be invidble but for the refrac- : 


24 tion. Forthe fame reaſon, the ſun, and all the hea- 
venly bodies, always appear at a greater elevation 5 


above the horizon than they really . 


neceſſary, therefore, carefully to diſtinguiſh 7" ER 
apparent elevation of a ſtar, from what it would DE 
be were there no atmoſphere, I ſhall endeavour . 


to ſet this i in the cleareſt light poſlible, ER = 
55 J. Let 
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I. Let the arch AOB (plate XI. fig. 6.) be 
part of the ſurface of the earth, and O the ſpot 
where we are, through which draw the ſtraight line 
H OR, touching the ſurface, and this line H OR 


will repreſent the true horizon. From O let there 


be drawn perpendicularly the ſtraight line OZ, 


which is the ſame thing as ſoſpending a given 
weight by a cord. This line is ſaid to be vertical, = 


and the point Zz of the heavens, in which it termi- 


nates, is called the zenith. This line O C then, is 
perpendicular to the horizontal H O R, fo that one ” 


being known, the other muſt be known likewiſe. 


II. This being laid down, let ( plate XI. fig. 7.) 
there be a ſtar at S: were there no atmoſphere, {> 
the ray 8 MO would proceed in a ſtraight line to 

the eye at O, and we ſhould ſee it in the ſame direc- _ 
tion O MS, where it would actually be, that is, we 
ſhould ſee i it in its true place. Let us, then, mes = 
ſure the angle 8 O R, formed by the ray SO with 

the Neri OR, and this angle is named the 

height of the ſtar, or it's elevation above the hori- 

0 We meaſure alſo the angle S O Z, formed 
by the ray 80 with the vercal line O A ternü- 


nating in the zenith: and as the angle Z O R is a 
right angle, or 90 degrees, we have only to ſubrrade | 
the angle S OZ from 90 degrees, to have the angle 
SOR, which gives the true elevation of the mar : 

III. But let us now attend to the atmoſphere, _ 


et which I ſuppoſe terminated by the arch HDNMR ; 
and, I remark; firſt, that the preceding ray S M x 
= r 
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the ſtar 8, on entering info M in the atmoſphere, 
does not proceed directly forward to the eye at 
O, but, from the refraction, will aſſume another 
direction as MP, and conſequently will not 
meet the eye at O: ſo chat if this ſtar ſent down = 


would be abſolutely inviſible. But it muſt be con- 


the earth only that ray S M, to a perſon at O it 


ſidered, that every luminous point emits it's rays in 


all directions, and that all ſpace is filled with 
them. 


IV. There will be, then, among others, ſome 


1 ray, as SN, which is broken or refracted, on enter; 


ing the atmoſphere at N: ſb that it's continuation 


NO hall paſs preciſely to an eye at O. The refrac- 


ted ray NO is not, therefore, in a ftraight line with 
tbe ray 8 M; and if NO be produced rard to 4, 


=” continuation NS will form an angle with the ray 
„ namely, the angle SNs, which is what we call 
ih refraction, and which is greater in proportion as 


0 the angle S NR, under which the ray 8 N enters 


5 into the atmoſphere, is more acute, as was demon- z 
| Fee. in the preceding Letter. : 
V. Iris the ray NO, con! ſequently, which paints | 


in the eye the image of the ſtar 8, and which renders 


5 it viſible: and as this ray comes in the direction . 
MN ©; as if the ſtar were in it, we imagine the ſtar 
likewiſe to be ſituated in the direction N O, or in 


dhat line continued, ſome where at S. This Points 

being different from the real place of the ſtar 8, we 
Call s the PE place. o of the ftar, which muſt be 

5 — 
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carefully diſtinguiſhed from it's place S, where the 
ſtar would be ſeen, were there no atmoſphere. 
VI. Since, then, the ſtar is ſeen by the ray NO, 
the angle NO R, which this ray N O makes with 
the horizon, | is the apparent altitude of the ſtar; and 


when, by a proper inſtrument, we meaſure the angle 

NOR, ve are {aid to have found the apparent al- 

ttitude of the ſtar; the real altitude being, as we have 85 
5 ſhewed, the angle R O 8. 8 


VII. Hence i it is evident, that the apparent alti- 


tude RON, is greater than the real altitude RO M, 
ſo that the kan appear to us at a greater elevation | 
above the horizon than they really are, for the ſame 
reaſon they appear already in the horizon while they ; 
are ſtill below it. Now the excels of the apparent | 
altitude above the true, is the angle M O N, which 
differs not from the S Ns, and Which we call the 
refraction. For, though the angle SN 5, as being 
the external angle to the triangle $ 8 N O, is equal to 
the two internal and oppoſite angles taken together, 
namely, SON and NS O, we may conſider, on ac- _ 
count of the immenſe diſtance of the ſtars, the lines 
Ents O 8 and N 8 parallel, and, conſequently, the 
angle O 8 N vaniſhes ; ; ſo that the angle S ON is . 


5 nearly equal to the angle of refraction SN. 


VIII. Having fu then, the apparent has 
of a ſtar, you muſt ſubtract from it the refraction, _—: 
order to have the real altitude, which there is no 
other method of diſcovering. For this purpoſe, 


aſtronomers have been at much pains to aſcertain the 
EI i | refraction 
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refraction to be ſubtracted from each apparent alti- 


rude, that is, to determine how much muſt be abated 


in order to reduce the apparent to the real altitude. 


IX. From a long ſeries of obſervations, they have 


beth, at length, enabled to conſtruct a table, called 
the table of refraftion, in which is marked, for every 
apparent altitude, the refraction, or angle to be ſub- 
tracted. Thus, when the apparent altitude 1 15 no- 
thing, that is when the ſtar appears in the horizon, 
the refraction is 32 minutes, the ſtar is, accordingly, 
an angle of actually 32 minutes below the horizon. 
But if the ſtar has acquired any degree of elevation, 
be it ever ſo inconſiderable, the refrattion becomes 
much leſs. At the altitude of 15 degrees it is no 
more than ſour minutes; at the altitude of 40 de- 
grees it is only one minute; and as the altitude en- 
” creaſes, the refraction always becomes leſs, till, at 
length, it entirely diſappears, : at the altitude of | a — 
degrees, > 


. his is the caſe wher a FR is seen in the very 


zenith; for its elevation i 18 then go degrees, and me 
real and apparent altitude i is the ſame : and we are 
fully aſſured that a ſtar ſeen in the zenith i is actually 
5 there, and tnat the refraction of the atmoſphere does - 


not change its place, as at Every. other degree 
0 altitude. e 
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